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with progress in 


In the air phenomenal advances have been made in a 
brief span of time. Speeds have increased enormously. 
Continents are now overflown non-stop. Each year 
the volume of air traffic grows greater. 

Such progress has been possible only because essential 
services have kept pace on the ground. In the not- 
so-distant past when BP began fuelling operations, 
it sufficed to use 2-gallon cans man-handled from an 
open lorry. Now the latest airliners require 20,000 
gallons a ‘hop’, to be delivered—because of ever swifter 


turn-rounds—in less than 20 minutes. 


THE AVIATION SERVICE OF 


BRITISH 





the air uaa: 


By unceasing research and technical development AIR 
BP, the pioneer of turbine fuelling, is prepared for this 
challenge. Its latest 10,000 gallon super-fuellers deliver 
at 750 gallons a minute; its hydrant systems carry fuel 
underground right to the aircraft at even higher flow 
rates. With a new range of lubricants and special pro- 
ducts, improved methods of filtration, a complex ground 
organisation to support aviation, Ark BP is poised 


today for even greater achievements. 
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Counting the Cost 


A revealing document was published on 8 December outlining 
the views of the Advisory Council on Scientific Policy on space 
research. It confirms, first of all, that the Royal Society’s original 
recommendations to the Government were to “embark upon a 
programme of scientific experiments in the upper atmosphere and 
in extraterrestial space, by means of a series of Earth satellites 
launched by vehicles developed from British military rockets 
adapted to this purpose.” 

The Advisory Council’s counter proposals were that “before 
reaching a decision as to whether the United Kingdom should 
attempt to launch its own satellites, an approach should be made to 
the United States authorities to ascertain what facilities they were 
prepared to offer for carrying out a joint programme... .” 

The results of this approach are now well known. Britain’s 
contribution to space-research will be a 150-lb. 20-in. x 20-in. 
instrument package launched into a 300-mile nominal orbit by a 
four-stage American rocket from American soil in 1961. From an 
estimated cost of £10 to £15 million, required to adapt the Blue 
Streak and Black Knight for launching more than 1000-Ib. payloads 
from Woomera, the A.C.S.P. have reduced the cost of a maximum 
of £200,000 p.a. 

Moreover, the Advisory Council assert that for Britain “‘to 
shoulder the crippling cost of a large programme of space explora- 
tion on a purely national basis would be the grossest folly.” 

No doubt the A.C.S.P. are well satisfied with their work, but has 
it occurred to them that there is more to space development than 
putting the instruments of physics into orbit, and that one day, we 
may regret this decision not to gain experience of launching satellites 
in our own right? After all, there are important “practical’’ uses 
for artificial satellites already on the horizon which could have great 
influence on the technological growth of any nation with the whit 
to see it. Indeed, in the United States, there is already wide 
Government and industrial backing for research into satellites as 
relay stations for radio, television, telephone and telegraph services, 
as navigational aids for sea and air transport, and weather observa- 
tion. All these things seem to be within the compass of a British 
Commonwealth spaceflight programme without “crippling costs”’ if 
we plan wisely. 

After all, we were not so destitute that we could not afford H- 
bombs, ballistic rockets, and one of the World’s finest test ranges. 
Why must the barrier be put up now, when really useful outlets for 


peaceful research and development so plainly exist? 
K. W. G. 
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The Other Side of the Moon 


We publish below the full text of the announcement 
carried in the Soviet press on 27 October concerning the 
third Soviet space probe which photographed the hidden 
For the translation, we are indebted to 


side of the Moon. 
“Soviet News.” 


Lunik III was successfully launched in the Soviet 
Union on 4 October, 1959 for the purpose of solving a 
number of problems connected with space research. 
The most important was to obtain photographic pictures 
of the surface of the Moon. Particular scientific interest 
was attached to obtaining photographs of that part of 
the surface which, as a result of the peculiar features of 
the Moon’s movement, is altogether inaccessible to 
observers on the Earth, and also the part of the surface 
visible from the Earth at such small angles that it cannot 
be reliably studied. 

The automatic interplanetary station was built in order 
to make a detailed study of outer space and to obtain 
photographic pictures of the Moon. With the help of a 
multi-stage rocket it was put into orbit round the Moon. 
Exactly in accordance with the calculations, the station 
passed at a distance of several thousand kilometres from 
the Moon and, as a result of the Moon’s attraction, 
changed the direction of its movement. This enabled a 
flight trajectory to be obtained that was convenient both 
for photographing the side of the Moon that is invisible 
from the Earth and for transmitting to the Earth the 
scientific information obtained. 

The launching of the third space rocket and the placing 
of the automatic interplanetary station in the set orbit 
required the solution of a number of new and very 
complicated scientific and engineering problems. The 
multi-stage rocket used to place the station into orbit 
was distinguished by the high standard of perfection of 
its design and had powerful engines working on high- 
calory fuel. The rocket-guidance system in the boost 
phase ensured the required characteristics of the rocket’s 
movement with a high degree of precision. 

The scientific investigations conducted with the help of 
the automatic interplanetary station have made it 
possible to obtain a great deal of information which is 
now being processed. The photographs obtained of the 
hidden side of the Moon are of tremendous scientific 
interest. For the first time in history it has become 
possible to look at that part of the Moon’s surface which 
has never been seen from the Earth. 


The Automatic Interplanetary Station 


The automatic interplanetary station is a cosmic 
flying vehicle equipped with an intricate complex of 
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radio-engineering, photo-television and scientific appara- 
tus; a special system of orientation; installations fo 
programme guidance of the work of the apparatus op 
board; a system for automatic temperature regulation 
within the station ; and a system of power supply. 

The special radio-engineering system ensures measure. 
ment of the parameters of the station’s orbit and the 
transmission of television and_ scientific telemetric 
information to the Earth, and also the transmission from 
the Earth of orders to guide the work of the apparatus 
on board the station. 

The orientation system ensured that the interplanetary 
Station was given the necessary orientation in outer space 
with respect to the Sun and the Moon in order to photo. 
graph the hidden side of the Moon. 

Guidance of the work of the apparatus on the station is 
entirely carried out by radio from the Earth and similarly 
by autonomous programme installations on board. 
This type of combined system permits scientific exper 
ments to be controlled in the most convenient way and 
information to be received from any sectors of the orbit 
within the range of radio-visibility from observation 
Stations on the Earth. 

An automatic system of temperature regulation i 
functioning continously to maintain the required heal 
régime within the station. It provides an outlet fo 
the heat produced by the instruments into the surround 
ing outer space through a special radiation surface. For 
the purpose of regulating heat irradiation there ar 
shutters on the outside of the body which open the radia- 
tion surface when the temperature inside the station 
reaches 25°C. 

The power supply system contains independent blocks 
of chemical batteries which power the instruments thal 
function for short periods; it also contains a central 
buffer chemical battery. The power expended by the 
buffer battery is replenished by solar energy. The 
instruments in the vehicle are powered through cob 
verting and stabilizing devices. . 

The set of scientific instruments on the automaiit 
interplanetary station ensures the further developmetl 
of explorations in outer space and the space near the 
Moon, started with the first two Soviet space rockets. 

The automatic interplanetary station is a thin-walle 
hermetically-sealed cylindrical vehicle with spherical em 
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Diagram of Lunik III, illustrating the principal components: 
(|) illuminator for camera; (2) orientation system gas-cartridge ; 
(3) solar monitor ; (4) solar battery; (5) shutters for temperature 
control; (6) thermal screens; (7) aerials, and (8) research equip- 


ment. 


plates. The maximum diameter of the station is 120 cm. 
(3 ft. 11 in.), and its length is 130 cm. (4 ft. 3 in.) without 
the aerials. Inside the vehicle the apparatus and 
chemical power sources are mounted ona frame. Some 
of the scientific instruments, the aerials and sections of the 
slar battery are mounted on the outside. The upper 
end plate has a porthole with a cover which opens 
automatically before photographing begins. The upper 
and lower end plates have small portholes for the orienta- 
tion system’s solar pick-ups. The orientation system’s 
guiding motors are mounted on the lower end plate. 

An arrangement whereby the cameras are trained by 
tuning the entire automatic interplanetary station has 
been found to be best for photographing the Moon. 

The orientation system on the station turned and 
maintained the station in the required direction. 

The orientation system was switched on after the 
station had come close to the Moon, at the moment when 
the station was in its prescribed position in relation to the 
Moon and the Sun—a position ensuring the necessary 
conditions for orientation and photographing. 

When the orientation system—a system which includes 
optical and gyroscopic pick-ups, logical electronic 
devices, and guidance motors—started working, the 
arbitrary rotation of the station round its centre of 
gravity first of all ceased. This rotation arose at the 
time when the station separated from the last stage of the 
carrier rocket. 

The automatic interplanetary station is illuminated by 
three bright celestial bodies—the Sun, the Moon and the 
Earth. Its trajectory was chosen with a view to the 
‘lation being approximately on a direct line between 
the Sun and the Moon at the time of photographing, with 
the Earth being to one side of the line between the Sun 
and the Moon, so that the station should not be oriented 
on the Earth instead of the Moon. 

This position of the station with regard to the celestial 
bodies at the beginning of the orientation made it 
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possible to use the following method: First its lower 
endplate was trained on the Sun with the aid of solar 
pick-ups; in this way the optical axes of the cameras 
were trained in the opposite direction, on the Moon. 
Then the appropriate optical device, in whose line of 
vision the Earth and the Sun could’ no longer appear, 
switched off the orientation on the Sun and ensured 
accurate orientation on the Moon. A signal received 
from the optical device, showing that the Moon was in 
focus, permitted automatic photographing. During the 
entire photographing time the orientation system ensured 
that the station was constantly trained on the Moon. 
After all the shots had been taken, the orientation 
system was switched off. As the system was switched off 
it made the automatic interplanetary station rotate 
regularly with a certain angular velocity chosen on the 
one hand to improve the thermal régime, and, on the 
other, to preclude the possibility of the functioning of 
the scientific instruments being influenced by the rotation. 


Path of Flight 


The orbit of the automatic interplanetary station was 
specially suited to the solution of the intricate combin- 
ation of scientific problems set it. In order to achieve 
the necessary orbit, in addition to ensuring the correct 
speed and direction of the station’s flight at the moment 
when the engine of the last stage of the rocket was 
switched off, the influence of lunar gravitation was also 
made use of. 

The trajectory of the station’s flight round the Moon 
had to satisfy a number of demands. In order to make 
sure that the orientation system would be functioning 
correctly at the time of photographing, it was necessary, 
as has already been noted, for the Moon, the station and 
the Sun to lie approximately along one straight line at the 
moment of initial orientation. The distance from the 
station to the Moon at the time of photographing was 
set at about 60,000 to 70,000 km. (37,300—43,500 miles 
approx.). 

The trajectory had to be such as to ensure that the 
greatest amount of information was received during the 
first loop of the flight, especially at short distances from 
the Earth’s surface. To satis.y that demand, the best 
possible conditions for radio communication with the 
interplanetary station from points situated on the Soviet 
Union’s territory had to be ensured. 

It was also highly desirable, for scientific purposes, to 
obtain a trajectory which would keep the station moving 
in outer space for a sufficient length of time. 

Flight round the Moon followed by a return to Earth 
can be effected with trajectories of various types. In 
order to achieve such trajectories the speed at the end of 
the launching phase must be slightly less than the so- 
called second cosmic or parabolic velocity, which at the 
surface of the Earth amounts to 11-2 km. (nearly 7 miles) 
per sec. If the trajectory of the flight passes tens of 
thousands of kilometres from the Moon, the latter’s 
influence will be comparatively small, and the path of 








the flight in relation to the Earth will take approximately 
the form of an ellipse, with a focal point at the centre of 
the Earth. 

However, there were a number of serious drawbacks to 
a distant trajectory round the Moon which would pass it 
tens of thousands of kilometres away. In flights at great 
distances from the Moon, direct investigations of outer 
space in the immediate neighbourhood of the Moon are 
made impossible. When a rocket is fired from the 
Northern Hemisphere of the Earth, its return to Earth 
takes place from the side of the Southern Hemisphere, 
which makes it difficult to carry out observations and 
receive scientific information at observation stations 
situated in the Northern Hemisphere. Movement near 
the Earth during the return flight takes place out of 
sight of such stations in the Northern Hemisphere, and 
it is therefore impossible to receive the results of the 
scientific observations near to the Earth. On returning 
to the Earth, the rocket enters the dense layers of the 
atmosphere and burns up; in other words, the flight ends 
after the first loop. 

These drawbacks can be avoided if trajectories of 
another type are used in the flight round the Moon— 
trajectories which pass the Moon at smaller distances, 
in the region of a few thousand kilometres. 

The flight trajectory of the automatic interplanetary 
station passed at a distance of 7900 km. (more than 
4900 miles) from the centre of the Moon, and was chosen 
so that at the moment of maximum proximity the station 
would be south of the Moon. As a result of the Moon’s 
attraction the trajectory of the station, in accordance with 
calculations, deviated towards the north. This deviation 
was so significant that the return to the Earth was 
effected from the side of the Northern Hemisphere. 
Following its approach to the Moon, the maximum 
height of the station above the horizon increased from 
day to day for the observation posts situated in the 
Northern Hemisphere. Accordingly, the intervals 
during which direct communication with the station was 
possible, also became longer. When it had approached 
sufficiently close to the Earth the station could be seen in 
the Northern Hemisphere as a permanent celestial 
body. 

The conditions for receiving information at the 
approaches to the Earth and the conditions for conducting 
scientific investigations during the return to the immedi- 
ate vicinity of the Earth proved sufficiently favourable. 
During its return to the Earth in the first revolution, the 
station did not enter the atmosphere and did not perish, 
but passed at a distance of 47,500 km. (29,500 miles) 
from the centre of the Earth, moving on an elongated 
orbit of extremely large dimensions, nearly elliptical in 
shape. The station’s greatest distance from the Earth 
was 480,000 km. (about 298,000 miles). 

It has thus been made possible to obtain trajectories of 
the station’s movement, in passing near the Moon, which 
are exceptionally interesting and advantageous from the 
point of view of conducting scientific investigations and 
receiving scientific information. 
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This Russian diagram needs little explanation; it shows th 
trajectory of Lunik III, including the inclined plane of its orbit 


The flight of the interplanetary station in the vicinity 
of the Earth is taking place at such great distances fron 
the Earth’s surface that there is no slowing down due t 
resistance of the atmosphere. Therefore, if it wer 
moving only due to the force of the Earth’s attraction, th 
station would be a satellite of the Earth with no limit to} has a de 
its life. Since 1 

In reality, however, the station has a limited period oj station 
movement. Due to the perturbation of solar attraction! determin 
the orbit’s closest distance from the Earth—the heighto} movemei 
the orbit’s perigee—is constantly dropping. Therefor the exten 
after having completed a certain number of revolutions! the stati 
the station will in time, during one of its returns to th guidance 
Earth, enter the dense layers of the atmosphere and bunt phase mi 
up. an Calcul: 

The extent to which the height of the perigee diminishes |000 km. 
in one revolution depends on the size of the orbit, and passage t! 
particularly on the height of the apogee, that is to say, 0 between 
the greatest distance of the orbit from the Earth, increas change b 
ing sharply as the height mounts. Therefore a trajecton} time of jt 
had to be chosen for the interplanetary station in whit} |0-/4 hr 
the apogee should possibly be smaller, or would not by given to t 
much greater than the distance from the Earth to th} Moon pe 
Moon, while the perigee should possibly be greater il} the Moon 
the first circuit. It is upon meeting these two requilt) For th 
ments that the total number of the station’s revolution) between t 
round the Earth and the length of its life depend. km. (abo 

The influence of the Moon is not limited to the effect!” the perioc 
produces during the period of initial close approach! such as tc 
Disturbances in the orbit of the station as a result (about 18 
lunar gravitation do not have the same regular characte inclined 
as disturbances resulting from solar gravitation, 4 deviation 
depend to a marked degree on the period of the station launching 
rotation round the Earth. The influence of the Mooi of hitting 
may prove great if, in one of its subsequent revolutiol section po 
another and sufficiently close approach to the Mo0! while in ¢ 
takes place. In that case the station’s approach to th be 750 km 
Moon would take place at about the same point of t!)compariso 
Moon’s orbit as on the first occasion. In the event Jround-the. 
repeated close approaches, the movement of the stall} greater ac 
may change substantially. If the station passes “hitting-the 
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Moon from the southern side, that is to say, if the second 

approach follows the same type as the first, the number of 
boom will greatly increase, and so will the time the 
station continues to exist, with the basic property of its 
trajectory intact—that is to say, its approach to the Earth 
from the side of the Northern Hemisphere. If the 
passage takes place repeatedly from the north, the height 
of the orbit’s perigee will decrease, and, if the disturban- 
ces in the orbit are strong enough, the station may strike 
the Earth during its next period of return. 

In those loops of the orbit where a close approach to 
the Moon does not take place, the Moon nevertheless 
exercises Some influence on the movement of the station. 
Although the force of lunar gravitation in that case is 
very small, nevertheless, by acting on a great many loops 
of the trajectory, the force of lunar gravitation may have 
a noticeable effect on the movement of the station, 
resulting in a decrease in the height of the perigee and in 
the time the station will continue on in its orbit. 

The picture of the movement of the station under the 
simultaneous influence of the gravitational forces of the 
{ Earth, the Moon and the Sun is very involved. The way 
the station passes near the Moon during its first approach 
has a determining effect on its subsequent movement. 

Since no corrections are made in the movement of the 
station during its flights, and its whole trajectory is 
determined in the last analysis by the parameters of its 
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the extent and direction of the speed), it is clear that for 
the station to achieve the trajectory described, the 
iguidance system of the carrier rocket in the launching 
phase must be perfected to a high degree. 

Calculations have shown that in a deviation of 
1000 km. (621 miles) from the set point of the station’s 
passage through the inclined plane, the minimum distance 
between the Earth and the station during return will 
change by 5000—10,000 km. (3100-6200 miles) and the 
time of its nearest approach to the Earth will change by 
10-14 hr. In this case the inclined plane is the name 
given to the plane which passes through the centre of the 
Moon perpendicular to the line between the Earth and 
the Moon. 

For the utmost deviation of the minimum distance 
between the Earth and the station not to exceed 20,000 
km. (about 12,400 miles), the precision of guidance in 
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Indeed, as was reported earlier, a 
deviation of one metre per second in the velocity of 
launching the rocket to the free flight phase in the variant 
of hitting the Moon results in a deviation of the inter- 
section point by 250 kmi. (155 miles) on an inclined plane ; 
while in the round-the-Moon variant this deviation will 
be 750 km. (465 miles),or three times as great. Froma 
Comparison of those figures alone, we see that the set 
tound-the-Moon variant requires not less, but even 
igfeater accuracy of the rocket guidance system than the 


hhitting-the-Moon variant. 


As has already been stated, when the interplanetary 
station passes near the Moon there is a great perturbation 
of the station’s trajectory, which makes it alter its 
original course and return earthward from the side of 
the Northern Hemisphere. This same perturbation 
effect of the Moon substantially increases the influence 
of the flight parameters’ deviations at the end of the 
launching phase from their calculations on the nature of 
flight earthward after circling the Moon. Therefore, 
even small errors in determining these parameters result 
in quite substantial errors in calculating the flight of the 
interplanetary station on its return to the Earth. 

At the same time, the station’s reliable radio com- 
munication with ground observation posts requires a 
sufficiently accurate knowledge of the changes in the 
station’s flight with time. This is necessary for an 
accurate calculation of the target indicating the time of 
switching on the transmitters on the station. This 
circumstance demands systematic measurement of the 
station’s trajectory, processing of the data and establish- 
ing with greater accuracy the station’s flight character- 
istics, both before approaching the Moon and after 
circling it. The influence of the Sun and the Moon on 
the evolution of the orbit of the station in the course of 
its further flight similarly require constant measurement 
and more accurate determination of the station’s move- 
ment characteristics. 

These circumstances made serious demands on the 
work of the automatic measuring arrangement designed 
for measuring the parameters of the interplanetary 
station’s trajectory, calculating its expected movement, 
calculating the target indications for the measuring and 
observation posts, and calculating the time for switching 
on the transmitters on the interplanetary station during 
the entire course of its flight round the Earth. 

This arrangement includes radio-technical stations 
for measuring distance, angular parameters and radial 
velocity of the object’s movement, telemetric information 
receiving stations; automatic communication lines 
between the measuring posts and the co-ordinating com- 
puting centre, which in turn is linked with ground 
stations which give the command to switch on the 
transmitters on the automatic interplanetary station. 

The command radio line makes it possible to switch 
on the radio-technical instruments of the station at 
certain intervals best suited for radio communication of 
the instruments on the station with ground posts situated 
in the Soviet Union. The duration and time of radio 
communication with the station are selected with a view 
to ensuring accumulation of the information necessary 
for forecasting with greater accuracy the characteristics 
of the movement of the interplanetary station, as well 
as with a view to maintaining a power balance for the 
instruments on the station. 

The preliminary processing of the trajectory measure- 
ments now shows that the automatic interplanetary 
station will travel along its orbit until April, 1960, 
making 11—12 revolutions round the Earth. 








Photography and Transmission of Pictures 

In evolving the complex of means for taking photo- 
graphs and transmitting the pictures of the hidden side 
of the Moon from the automatic interplanetary station, 
the task was successfully accomplished of creating a 
photo-television system to obtain a high-quality half- 
tone image and transmit it over distances measured in 
hundreds of thousands of kilometres. 

In doing this a number of complicated scientific and 
engineering problems have been solved. 

While the photographs were being taken the orienta- 
tion system kept the station in a position whereby the 
Moon’s disc was directly in front of the camera lenses. 

The construction of the photo-television apparatus 
ensured that it would be able to operate under the difficult 
conditions of space flight ; in the conditions of the harm- 
ful action of cosmic radiation, the photographic supplies 
were preserved intact and the apparatus for processing 
the photographic materials and other equipment worked 
normally in conditions of weightlessness. 

In transmitting pictures over a large distance, using 
a very low-capacity radio transmitter, the speed at which 
pictures were transmitted was several thousand times 
lower than is the case with ordinary television stations. 

In taking these first photographs of the reverse side of 
the Moon, it was desirable to photograph as large a part 
as possible of its unknown surface. This led to the 
necessity of photographing the fully illuminated disc, the 
contrast of which is always far less than when there is 
illumination from the side which creates shadows from 
the details of relief. 

To ensure high-quality transmission of low-contrast 
pictures, the television apparatus was provided with 
automatic adjustment of the scanner tube’s brightness. 
Self-adjusting devices were applied also to ensure 
reliable and faultless operation of the set-up in changing 
régimes. The co-ordination and guidance of the work of 
all units, including the electronic arrangements and the 
optical, mechanical and photo-chemica!’ :nstallations, 
were effected through a special system of automatics and 
programming. 

The photo-television apparatus of the interplanetary 
station has the following basic structure. A camera with 
two lenses having focal lengths of 200 and 500 milli- 
metres with the help of which pictures were taken 
simultaneously in two different scales. The lens with a 
focal length of 200 mm. produced an image of the disc 
which fitted completely into the frame. The large-scale 
image produced by the lens with a 500 mm. focal length 
was bigger than the frame and gave a more detailed 
picture of this side of the Moon’s disc. 

The photographs were made with automatic changes of 
the exposure to obtain negatives with the most advan- 
tageous densities. The photographing lasted about 
40 min., during which time the hidden side of the Moon 
was photographed repeatedly. 

The photographing began at a command signal given 
after the lenses had been focused on the Moon. The 
subsequent process of photographing and processing the 
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film was done entirely automatically according to a gy 
programme. Special 35 mm. film was used which can}, 
processed at high temperatures. 
In order to prevent the film from being fogged due t) 
the action of cosmic radiation, a special protection wa; 
provided, chosen on the basis of investigations conduete 
with the help of the Soviet sputniks and space rockets, 
After it had been exposed, the film entered a smaj 
automatic developing and fixing device. 
In treating it a special process was used which mini. 
mised the dependence of the parameters of the negatiye 
on temperature. The necessary measures were taken ty 
prevent this process from being upset by conditions of 
weightlessness. After the film had been treated, it wa; 
dried and the moisture was absorbed, thus ensuring jt 
preservation. Then the film passed into a special cag 
and was prepared for the transmission of the picture, 
Reference marks had been made on the film in advance, 
part of which were developed on the Earth, and the rey 
on the station while the shots of the far side of the Moon 
were being treated. These marks, or signs, when trans. 
mitted to the Earth, made it possible to control th 
processes of photographic treatment and the transmission 
of the pictures. 
To transform the image on the negative, a smal 
scanning tube with a high resolving capacity and, 
stable photo-electronic multiplier were used. 
Transmission of the pictures to the Earth was done in 
the same way as films are transmitted by television 
stations. 
In order to deflect the ray of the electronic-ray tube, 
economic low frequency scanning devices were used 
Magnification and setting of the signals of the picture 
were effected by a special narrow-band stabilize 
amplifier which automatically compensated the influence 
of changes in the average density of the negative on th 
outgoing signal. All the schemes were carried out in th 
main with transistors. 
Provision was made for the pictures to be transmitted 
to two régimes; slow transmission over large distance 
and fast transmission for shorter distances as the statiot 
approached the Earth. The television system made i 
possible, in accordance with the conditions of trams 
mission, to change the number of lines into which th 
picture was broken up. The maximum number of liné 
reached 1000 per shot. 
To synchronize the transmitting and receiving scannily 
devices, a method was used which ensured high resistane 
to interference and steady operation of the apparatus. 
The pictures of the Moon were transmitted from th 
automatic interplanetary station along the radio col 
munication lines serving at the time for measurements ¢ 
the parameters of the movement of the station itself; th 
is to say, distance, velocity, and angle co-ordinates, al 
also for the telemetric transmission of the results of th 
scientific experiments. The various devices on th 
station were switched on and off and their régimes We 
changed by special orders transmitted from the Eat 
over the same radio line. 
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The pictures of the Moon were transmitted and all the 
gther operations on the line of radio communication 
yith the station were carried out by means of continuous 
adiations of radio waves, as distinct from the impulse 
adiation used previously in certain cases. This is the 
jst time such a combination of functions in a single 
adio communication line, working under permanent 
adiation, has been attempted. It ensured reliable 
adio communication even at maximum distances, with 
the least possible expenditure of energy on the station 
itself. 

Radio communication with the station consisted of 
wo parts: one line “‘Earth-Station,” and another line 
“tation-Earth,” and included command devices, power- 
jl radio transmitters, supersensitive receiving and 
recording devices, systems stationed at radio communica- 
tion points on the Earth, and also transmitting, receiving 
and antenna devices on the interplanetary station. In 
addition command and programming radio-technical 
installations were set up on the station. 

The entire apparatus of radio communication lines 
both on the station and on the Earth was duplicated in 
order to increase the reliability of communication. In 
the event of one of the radio-engineering instruments on 
board going out of commission, or the resources needed 
for its work being exhausted, it could be replaced by the 
reserve instrument through a corresponding order being 
sven from a guidance point on the Earth. 

The pictures of the Moon were transmitted on com- 
mand from the Earth. At those times the television 
apparatus on board was switched on, the photo film was 
moved and the television apparatus was switched on to 
the transmitters. As a result the law of the changes in 
the brightness along the lines into which the image was 
broken up, was transmitted to the Earth. 

The total volume of scientific information transmitted 
by radio, including the photographs of the Moon, far 
exceeds the volume of information that was transmitted 
from the first and second Soviet space rockets. 

To secure the reliable transmission of this information 
under conditions of a high level of interference by cosmic 
radiation, an especially effective method of radio 
communication was used guaranteeing the minimum 
‘penditure of energy by the power-feeding sources on 
board. 

Because of the need to economise in electric power, the 
power of the radio transmitters on the station was 
‘tablished at a few watts. Semi-conductors and other 
modern parts and materials were used in the receiving 
and transmitting radio apparatus on board. Particular 
attention was paid to making the instruments as small and 
light as possible. 

An idea of the difficulties encountered in ensuring 
table radio communication with the station can be 
obtained by estimating what part of the power emitted 
ty the radio transmitter on board actually comes down 
0 the receiving devices on the Earth. 

To ensure that communication with the station is not 
‘uspended as it rotates, the station’s aerial emits radio 
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signals evenly in all directions so that the power of 
emission for a unit of surface will be the same for all the 
points of the imaginary sphere in which the station is 
centred. 

The part of the power transmitted to the Earth receiv- 
ing aerial is determined by the ratio of the effective area 
as of the receiving aerial to the surface of the sphere with 
a radius equal to the distance from the station to the 
receiving point. For that reason large receiving aerials 
are used to intercept the signals from the station. 

However, even in this case, when the station is at a 
maximum distance from the Earth, the part of the power 
emitted by the transmitter on board that is actually 
intercepted is 100 million times smaller than the average 
power intercepted by an ordinary television set. Extreme- 
ly sensitive receiving devices with low static must be 
used to pick up such weak signals. 

The static produced by the Earth receiving devices 
consists of the static cosmic radiation picked up by the 
aerial and the static produced by the receiver itself, which 
is reduced toa minimum by a number of special measures. 
As a rule the reduction of the static is connected with a 
reduction of the speed at which information is trans- 
mitted. 

In view of what has been said, methods of processing 
and transmitting signals were used in the radio com- 
munication line on the station and on the Earth’s 
receiving points that reduce the static level to the maxi- 
mum degree and retain the permissible speed of trans- 
mission. 

Economical consumption of the power on the station; 
employment of radio communication lines with con- 
tinuous radiation and combined functions; application 
on the Earth of special receiving aerials and highly 
sensitive reception devices ; the use of special methods of 
processing and transmitting signals—all this made it 
possible to ensure reliable radio communication with the 
interplanetary station, faultless operation of the com- 
mand radio line, and systematic reception of the photo- 
graphs of the Moon and telemetric scientific information. 
The television signals received by the Earth stations were - 
recorded by various instruments, which ensured the 
necessary reserve and made it possible to control the 
course of transmission and exclude specific distortions 
caused by the peculiarities of the communication line 
and recording devices. 

The signals transmitting photographs of the Moon 
were recorded by special television devices on a photo- 
graphic film; by magnetic recording apparatus with high 
stability of the magnetic tape speed; by skytron (elec- 
tronic-ray tubes which keep the image on the screen for a 
considerable time); and by open recording instruments 
taking down the image on electro-chemical paper. The 
results obtained by all these recording methods are being 
used in studying the midden side of the Moon. 

The television system on the automatic interplanetary 
station has transmitted pictures over a distance of up to 
470,000 km. (292,000 miles); thereby the possibility of 
transmitting half-tone pictures of a high degree of 








accuracy, without any essential specific distortions in 
the process of radio wave propagation, has for the first 
time been confirmed experimentally. 


The Moon’s Hidden Face 


The period of the Moon’s rotation round its axis 
coincides with the period of its revolution round the 
Earth. Therefore, only one side of the Moon is always 
turned towards the Earth. In the distant past, millions 
of years ago, the Moon rotated round its axis faster than 
it does now, completing one rotation in a few hours. 

The force of the tidal friction caused by the gravi- 
tational pull of the Sun and the Earth have slowed down 
the Moon and lengthened its period of rotation round its 
axis to 27-32 days. 

Until now only the regions of the Moon visible from 
the Earth—regions which have now been studied for 
three and a half centuries—could be mapped. These 
maps show circular mountains, mountain ranges, the 
dark areas of the Moon’s surface which are known as 
“*seas,’”’ and other formations. 

A little more than half of the Moon’s sphere, namely, 
59%, is visible from the Earth. On this part of the 
Moon many formations are located at the very edge of 
the visible disc and, therefore, could not be explored in 
detail owing to great perspective distortions. The fact 
that a little more than half of the lunar disc can be 
studied from the Earth is due to the so-called librations of 
the Moon, that is to say, the oscillation of the Moon as 
seen from the Earth. 

The Moon was photographed from the interplanetary 
space station at the moment when the station was on the 





Picture of the far side of the Moon, secured by Lunik III; (right), this map of the hidden side was published in the B.I.S. Journal 't 
January, 1953; it was based on deductions by the veteran lunar astronomer Dr. H. P. Wilkins. 
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line connecting the Sun and the Moon, that is to gay 
when the Moon was an almost completely illuminate 
disc with respect to the station. 

The photographs have recorded a part of the Moon’ 
surface invisible from the Earth and a small area with 
already known formations. This latter area on th 
photographs has made it possible to connect the pr. 
viously unseen features of the lunar surface with thoy 
already known, and thus determine their selenographicq 
co-ordinates. 

The Moon’s features visible from the Earth photo. 
graphed by the interplanetary station include: th 
Humboldt Sea, the Sea of Crises, the Marginal Sea, th 
Smith Sea, a part of the Southern Sea, and others. 

These seas located at the very edge of the Moon an( 
visible from the Earth, owing to perspective distortion, 
appear to us to be narrow and long, and their real shap: 
has hitherto been indefinite. On the photographs taken 
from the interplanetary station these seas are situated 
far from the visible edge of the Moon and their shape i 
distorted only to an insignificant extent by perspective 
Thus, we have for the first time learned the real shape of; 
number of lunar formations. 

It is noticeable that mountainous areas predominate 
on the invisible part of the lunar surface, while there ar 
very few seas, like those in the visible part. Crater sea 
in the southern and near-equatorial regions stand ow 
sharply. 

Of the seas situated near the edge of the visible par 
and greatly foreshortened, the photographs clearly show 
almost without any distortion, the Humboldt Sea, th 
Marginal Sea, the Smith Sea and the Southern Sea. | 
appears that a large part of the Southern Sea lies on th: 
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reverse side of the Moon, and its “‘coastline” has a tortuous 


configuration. 
The Smith Sea is rounder than the Southern Sea, and 
on its southern side a mountainous region cuts deep into 


biggest of which has a diameter of some 70 km. (43 miles). 
A separate round crater is to be seen south-west of this 
group in the area of Latitude + 10° and Longitude 
+ 110°. On the western edge of the southern hemis- 


Moon’ : : : ‘ 
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opposite direction from the Sea of Crises. 

The Humboldt Sea has a peculiar pear-like shape. 
The entire area adjoining the western edge of the Moon’s 
far side (i.e., the Marginal Sea) has a reflecting power 
intermediate between the mountain regions and the 
gas. As regards its reflecting power it resembles the 
region of the Moon lying between the Tycho and 
Petavius craters and the Sea of Nectar. 

South-south-east of the Humboldt Sea, on the border 
of the aforementioned region, there runs a mountain 
range 2000 km. (1240 miles) long, crossing the equator 
and extending to the southern hemisphere. Beyond the 
mountain range is an extensive continent with a height- 
ened reflecting capacity. 


Besides that, the photographs show regions with 
somewhat higher or lower reflecting power and numerous 
small details. It will be possible to establish the nature 
of these details and their shape and dimensions after a 
thorough study of all the photographs. 

The televising, for the first time, of pictures of the 
hidden part of the Moon by the interplanetary station 
opens up wide prospects for studying the planets of our 
solar system. 


The flight of the third space rocket has inscribed a new 


mi A crater sea some 300 km. (186 miles) in diameter lies page in the history of science. Penetrating into outer 

pe of in the region between Latitudes 20° and 30° N. and space, Soviet space rockets will now send to Earth not 
Longitudes 140° and 160° W. In its southern part this only information about the physical characteristics of 

minate} %2 ends in a bay. _ There is a large crater more than interplanetary space and celestial bodies but also photo- 

sre are} [00 km. (62 miles) in diameter with a dark bed and a graphs of heavenly bodies which they pass in their flight. 

or seasf right central hill surrounded by a broad light bank, in Televising of pictures over a distance of hundreds of 

dour} the southern hemisphere, in the area of Latitude —30° thousands of kilometres has been accomplished for the 
and Longitude +130°. first time. Broad prospects are opening up for astronomy, 

e par To the east of this range, in the area of Latitude which is now able to move its instruments closer to celestial 

chen + 30° N. is a group of four medium-sized craters, the bodies. 
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Satellites and Radio Astronomy 


By W. L. RAE, F.R.A.S. 


In a previous article, (Spaceflight, Vol. 11, No. 3) the 
writer gave his views on some of the vistas in radio astro- 
nomy, concentrating on the major lines of research at the 
present time. But the question is asked “‘What of the 
future?’ In any discussion of this topic, rockets and 
artificial satellites cannot be ignored, and, just as the 
rocket is introducing far ultra-violet techniques into 
optical astronomy, so the satellite may be able to assist in 


Radio radiation is an electromagnetic phenomenon, 
and as such is liable to interference in several ways. For 
thousands of years optical astronomy has progressed 
by means of the information obtained with the visible 
light waves through the optical window in the Earth’s 
atmosphere. This window is a very narrow one, per- 
mitting the entry from extra-terrestrial space of radiation 
on wavelengths between 4/100,000 and 8/100,000 cm. 
The radiations shorter than these wavelengths—the main 
part of the ultra-violet, the X-rays and the gamma-rays— 
ae all stopped from penetrating to the surface of the 
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“far” radio wave investigations. 


Earth in any quantity by the absorption powers of our 
atmosphere, particularly the atomic combinations of the 
lower atmosphere. 

When Jansky discovered, in 1931, that radio waves 
were entering our atmosphere from space, he discovered 
the presence of a second window in the atmosphere, the 
radio window, although it was some years before the full 
extent of this window was realized. At wavelengths 
longer than those of red light and near infra red radiation, 
any incoming radiation is again absorbed by the lower 
atmosphere, up to a wavelength of about 1 cm. Above 








the wavelength of about 15 metres the incoming long 
wave radio radiation is reflected, in this case not by the 
lower atmospheric regions, but by the high level ionos- 
pheric layers of the Earth’s atmosphere. So we see that 
in the relatively wide wavelength range from | cm. to 
about 15 metres, we have our second window on the 
Universe, the radio window. It is through this window 
and on this range of wavelengths that the science of 
radio astronomy has progressed in recent years. It is 
known that radio waves exist above the wavelength of 
15 metres, for at times the window can be extended as far 
as about 30 metres or even further, but this is not the 
normal effect. Consequently there exists a field of study 
as yet untapped, the very large range of radio wave- 
lengths above 15 metres; in this range the radio waves 
traversing the cosmos may be able to provide us with 
vital information on the mysteries of the Universe. 

With all the recent advances in rocket and satellite 
techniques, astronomers and physicists have taken 
advantage of the altitudes attained by these bodies to 
observe radiations and particles in circumstances where 
the observations are not hindered by the blanketing 
effect of the Earth’s atmosphere. Many such observa- 
tions and results spring readily to mind; direct observa- 
tions of the primary cosmic ray particles before they have 
the chance to cascade into the secondary showers, the 
discovery of the Van Allen radiation belts around the 
Earth, the discovery of ultra-violet emission regions in 
the Galaxy, and so on. Even the observational optical 
astronomer has benefited from the balloon observations 
of the Sun and the planets. 

Can radio astronomy, the youngest of the branches of 
astronomy, take any part in these advances made with 
the assistance of astronautical techniques? It is believed 
that it can, and already investigations are well under way 
to determine the best ways in which such programmes 
can be carried out. 

One suggestion, emanating from the U.S.A., is that it 
should be possible eventually to project into orbit high 
in the atmosphere, or perhaps above it, a giant, loose 
structured radio telescope with an aperture of a mile or 
more. Such an instrument would achieve at least a 
three-fold purpose ; it would be a radio telescope with an 
aperture sufficiently great to obtain resolving powers 
almost comparable to those of optical telescopes, it 
would be out of the atmospheric zones where radio 
scintillation and other atmospheric effects are produced, 
and it would also permit an extension of the band of 
wavelengths observable. However, one cannot but 
assume that such an achievement is one for the fairly 
distant future, for the rockets launched at the present 
time are notoriously unreliable, and the projection of 
such a space-bound radio telescope would need to be a 
major technological effort. 

To come to more possible and nearer suggestions, one 
can consider the investigations being made at the 
present time by Professors Ryle and Lovell of our two 
major radio observatories, Cambridge and Jodrell Bank. 
Their investigations are aimed at the problems of making 
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radio astronomical observations by means of instrumep, 
mounted in an artificial Earth satellite. 

The main advantage of such observations from , 
satellite high above the disturbing zones of the atmo. 
phere are naturally the avoidance of these disturbing 
effects, and also the extension of the present wave band 
particularly in the longer wavelength bracket. Suc} 
extensions would enable the radio astronomer to tack 











problems of his science in a way supplementary ty 
the observations made from the surface of the Earth 
These might eventually cover the whole field of radi 
astronomy—planetary emission, Galactic emission both 
from the background and the discrete sources, and th 
extra-galactic emission. The simplest and, in a way, the 
most important of these would probably be connecte( 
with the background radiation of the Galaxy for which 
observations at the longer wavelengths would be of 
particular value. 

It is envisaged that if observations could be extended ty 
frequencies of 1 Mc/s. or so (300 metre wavelengths) a 
attack could be made on the measurement of the strength 
of the magnetic field in interstellar space. Present theon 
and observation suggests the presence of weak magnetic 
fields between the stars and within and around th 
galaxies, but present attacks show widely divergen 
estimates of the strengths of these fields. It is though 
that radio observations may be able to measure thes 
fields, the suggestion being based on the mechanism 04 
the emission from the sources. 

The major theory at the present time postulated ti 
account for the radio emission from non-thermal radi¢ 
sources (Crab nebula, Cassiopeia-A, Cygnus-A and 
sO On) is concerned with the synchroton mechanism. If 
this mechanism, electrons are accelerated along helical 
paths by the interstellar and galactic magnetic fields, 4 
acceleration produced in this way permitting the emission\ 
at radio wavelengths. If the sources of radio radiation 
operating in this way can be investigated more fully o1 
longer wavelengths, this information would tell u 
considerably more about the magnetic fields causing th 
radio radiation. A by-product of this examinatio 
would also be further knowledge of the primary cosmt 
rays, for it is thought that the radio pot-boilers respor 
sible for the non-thermal radio emission may also be th 
sources of at least some of the cosmic rays. 

Other programmes could include an exhaustive surve)| 
of the continuous spectrum of the non-thermal radit 
sources, an effect linked with their emission mechanism 
At the present time, radio astronomers are able \ 
receive radio radiation from these sources over almost tht 
whole of the radio window range of wavelengths, cr 
tainly to the longer wavelength limits. In general, th 
intensity of this emission rises with the increase in wave} 
length. Whether this continues beyond the prestil 
long wave limit is not yet observable, but it would b 
readily observable in the case of a satellite based radi! 
telescope. Further investigations could cover the qué 
tion of the electron density of the interplanetary gas? 
the Solar System, this feature being examined by 
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standard. Fortunately, many of the observational 
experiments on the long wavelengths can be carried out 
with relatively simple equipment. 


ments effects on the very long wave radiations, particularly at 
the wavelength where the gas particles would absorb the 
The determination of this long wavelength 

















‘om jation. 
al = would help the astronomer to arrive at an entirely At the long wavelengths an intricate aerial system is not 
irbing} independant measure of the electron density of the Solar required, for many of the observations can be made 
band, System, to compare with the theoretical and optical effectively with an omni-directional aerial system, with 
Such} estimates already made. receivers and aerials tuned to receive signals over the 
tackk} An even more ambitious programme would be the wavelength range of about 60 to 600 metres. However, 
Ty tof extension of the investigations to wavelengths shorter even this simple experimental equipment and its mount- 
“arth | than 1 cm., where absorbtion by the molecules in our ing in a satellite to be placed in orbit bristles with 
radio} atmosphere at present provides a limit. Such observa- difficulties. It is this position that our two leading 
both} tions might be important but they would require very radio astronomers are investigating. Whether these 
d the} sensitive receivers and accurate and well stabilized particular problems will be found to be too difficult to 
Y, the} serial systems. surmount or not at the present time cannot yet be stated, 
ected} Whatever the programme, it is obvious that, in order but we can be sure that the future will see the extension of 
Which} «9 obtain accurate determinations of the investigations experiments in radio astronomy to bases outside the 
€ Off mentioned, the equipment used must be of the highest Earth’s atmosphere in some form or other. 

sensitivity and efficiency possible. To place such instru- The writer is indebted to Professor Martin Ryle, F.R.S., 
edto} ments into a stable orbit and for them to perform with of the Cavendish Laboratory, University of Cambridge, 
S) a) maximum efficiency suggests technology of an exceptional for his information and help as always. 
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hy How this letter has found its way into the twentieth 
lcd} century is certainly a mystery; but the people of the 
th) twenty-fifth century were obviously conducting research 
on time travel and one can only assume that someone 


the Metronomer Royal to modify his previous pro- 
nouncement (“time Travel is Bilge’), the organs of 
conservative scientific opinion have consistently claimed 
that these costly experiments will never serve any useful 








sion 
tinf put it into the wrong file. purpose. 
jon It would indeed be difficult to make out a convincing 
WE To the Editor case at this early stage, were it not for a close parallel in 
thee a 7 history, when humanity faced a similar problem. To- 
tio} he New Spaceman, wards the close of the nationalist ages, some 500 years 
mi} Great Turnpike, ago, the first makeshift apparatus was devised for space- 
0} London 85, Earth. flight. Though records of that time are confused and 
the largely tendentious, it is clear from them that space 
Sir—In a recent leading article you asked what travel—exactly in the same way as time travel now—was 


possible benefit time travel could bring to mankind. at first considered a waste of money even if it could be 


vel 

diof Even though you warned readers that this was a question achieved. Let us look across the centuries and see how 
a of the type ‘Was Shakespeare worth while?” you went that bitterly disputed initial expenditure of some 0-2% of 
)} On to question the wisdom of diverting to time research the twentieth century world’s total national incomes has 
th enormous amounts of money far better spent on more paid dividends. If we can believe those records which 
#'| deserving projects such as making space travel safer or have survived, up to 25°, of these incomes were then 
th} Taising the standard of living in the planetary colonies. spent on national armaments which become obsolete 
ve} It is a well-known fact that the more conservative before they even went into production. 

aii! Earth press has long adopted a hostile attitude towards If we consider, first of all, travel itself and methods of 
kl anything originated by the Lunar Federation. The propulsion, we must remember that the first experiments 
ii} Teason is simply that many people on Earth have never —by no means all successful—were made with chemical 
ef Teally accepted Lunar independence. Although the fuel rockets. The ion drive had been considered in 





sending of a dog into the future by Federation scientists, 
Closely followed by some monkeys, recently compelled 
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theory but was not fully developed until the first 20 years 
of lunar exploration. It should be borne in mind that 





the electro-gravitic propulsion system we now take for 
granted could never have been developed within the 
shifting disturbance field of Earth and had to wait until 
the twenty-first century pioneers were able to use 
laboratories on independent solar orbits. 

Possession of the electro-gravitic drive, in turn, made 
possible that fabulous first voyage to the Jupiter region 
and the discovery of the regenerative stream of solar 
system magnetics. It is no exaggeration to say that the 
fairly sophisticated scientists of the second half of the 
twentieth century could no more have envisaged our 
Hyperbolic Interplanetary Commuter Service than, say, 
James Watt could have imagined the jetliners of the 
nineteen-sixties. 

Safety is, of course, quite another thing. The 2455/56 
series of distortion accidents and the more recent un- 
explained loss of two long-range tankers in the asteroid 
belt give us little cause for complacency. Yet space 
travel is now the only form of travel where we have not 
achieved almost complete safety. Five hundred years 
ago—and there is ample evidence for this staggering fact 
—more people died on the roads every day than are now 
lost on the space lanes each year! 

Scientists and engineers could never have achieved the 
present standards of safety on land, sea and air, had it 
not been for the extremely high degree of precision 
engineering and the special safety devices demanded by 
space travel. The change-over to electro-gravitics then 
freed the internal and external combustion engineers to 
apply their new-found techniques to earth-bound 
problems. In the same way, the emergence of radar 
from an expensive and complicated mass of apparatus to 
the present battery-operated pocket guide was entirely 
due to development work forced upon the industry by the 
exacting demands of space navigation. 

The next direct contribution has, of course, been in the 
field of medicine. It is fair to say that twentieth- 
century medical researchers could not possibly have 
foreseen this. The attention of early space medicine had 
been focussed entirely on the risks and dangers of 
radiation, of weightlessness, acceleration, etc. The fact 
that the first pioneers were almost abnormally healthy 
also delayed recognition of the curative properties of 
refracted cosmic radiation. And even the initial effects 
of direct exposure to radiation while crossing the Van 


weather observatories in space merely secured great: 
accuracy in forecasting. But work soon began 
weather control: rain direction and the consequey 
development of flourishing communities in the forme 
arid zones was spectacular and glamorous and is wel 
known from the history books. 


are safeguarded by the unceasing watch of these units, 


For a we 
But perhaps equalh}..; warm 
important is the quiet work of the fog dispersal units why would-be 
may be said to operate on the opposite principle. Bot sugust we 
safety and health of people in many parts of this gloty Symposium 


. fihe previou 
could not hope to detail the enormous amount 9 though nc 





pure knowledge which was added to all branches 9 srogramme 


science by stepping into space. 


In addition to geo. 


tmay prov 


physics and pure nuclear physics—these have benefite sould ever 
most—the study of all other sciences has been both} then, sta 


facilitated and enlarged. From Blagonravov’s Law an 
Braun’s Formula to Soong’s Gravity Equation an( 
Costello’s Cell Classification, there is now no elementan 
textbook which does not owe its debt to the spay 


pioneers. 


Less easy to define are the political and social cons. 
quences of the opening up of space. 


Orthodox histon 


nto Septen 
national As 
Paris in 19% 
1951. So 

Zurich, Inr 
Amsterdam 
Washingtor 


teaches that it was the general fear of thermonucleahy.. we h 


no doubt, 
ther plane 


and bacterial annihilation that led to the end of nation. 
alism and to the World Constitution of 2020. But om 
may well wonder whether the exploration and coloniz. 
tion of the Solar System may not have provided a safety 
valve to the natural aggressiveness and sense of adventur 
of the human race. Without it, world peace might neve 
have been consolidated. This consideration, veniah In openi 


-<— oe 


ally, was certainly not generally foreseen in the twentieth 
century, as may be confirmed by the “‘war in space’ 
plots of much classical science fiction. 


some things never seem to change, either. 
is the attitude towards the pioneer. 


this usually means that something has been suggested 
which seems out of keeping with tested theories based on 
past knowledge. 


thought has stopped with them. 


High Com1 
Voomera r 
represented 
History, of course, never repeats itself exactly. Yeifyhich woul 
One of theshuccessful f 
When we hear thefte wanted 
solemn pronouncement that something is “impossible omplemen 
Russia. 
These tw 
Even many of those who themselveifip as the | 
were pioneers in the past often assume that all originél[(hairman, \ 
spend £20 1 
And so the world at large judges, and what is moffiealth cou 
values the things of tomorrow with the eyes of yesterday.fyould mea 
What use was the internal combustion engine to thefvorking ful 


Allen belt led to the eventual understanding of the kulaks of late nineteenth century Russia? Tractofs} First on 1 
mechanism which triggers off a rare cell-disease known after all, came half a century later. What use welfAerojet, Lt 
as “‘cancer.”” This disease was fairly prevalent up the artificial satellites to the English middle class of thfropellent r 
end of the twentieth century, and its conquest was rated nineteen-fifties? It was 60 years before Sir Goomhan in his : 
the highest achievement of the age. Campbell began to organize the Space Civil Servicthof wind gu 
Another, less spectacular, but immensely useful by- And what use, you say, Sir, is time travel now? Winds in a s 
product of space travel has been the possibility of The answer, in more ways than one, lies in the futur® [change the \ 
carrying out delicate operations in conditions of weight- second. 
lessness. And the new vacuum treatment now being Yours etc., Establishme 
developed for heart diseases is one of the first fruits of here that a 
the trans-Pluto High Vacuum Laboratory. BOS NNER. Would put a 
Another great beneficiary from space exploration has = D. S. Car 
been the “‘meteorologist.”” That the term itself is now 10123 Gatland Building, eld, follow 
falling out of use is a measure of progress. The first Luna City 10, L.F. Soft Moon le 
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- Astronautics in London 

ony By A. E. SLATER 

Orme 

S Well For a week and a half Church House, Westminster, soft, not the Moon). He concluded with an estimate of 
qual} 9s swarming with astronauts—or, more correctly, with about 300,000 Ib. at take-off for landing a 100 lb. payload 


'S Who 
Both 
globe 
its, 
Int of 
es of 
geo- 


softly, but confessed himself handicapped in his published 
calculations by the “inadequacy of unclassified data,” 
particularly on solid propellents, which are more reliable 
than liquid ones though the latter give a better mass 
ratio. 

H. R. Watson, discussing “‘Astronautics at Armstrong 
Whitworths,” of which he is technical director, described 


would-be astronauts. For three days at the end of 
August we had the first Commonwealth Spaceflight 
symposium ever held ; it had been decided upon during 
he previous year’s I.A.F. Congress at Amsterdam, and, 
though nobody expected a Commonwealth space 
programme to be launched the morning after it was over, 
itmay prove to be the first of a series of meetings which 


efited 


should eventually lead to this desirable result. 


bot} Then, starting on the last day of August and continuing 
N alEnto September, came the Tenth Congress of the Inter- 

and stional Astronuatical Federation, which was founded in 
Ntanfpsris in 1950 and received its constitution in London in 





So London has had it twice, with Stuttgart, 


a design study which resulted in a delta-plan satellite 
vehicle with a flat under-surface and a pyramid-shaped 
top containing a cabin for two men. It was designed 
especially for re-entry and was to be launched with a 
multi-stage rocket weighing about 160 tons. “There is 
no insurmountable obstacle to flight in outer space,” he 


Spacrhigsi. 
concluded. 

From Pye Ltd., at Cambridge, came a masterly contri- 
bution on “Scientific instrumentation of unmanned 
Earth satellites,” by P. Barratt, D. Rothwell and B. V. 
Soames-Charlton. They went thoroughly into the 
physical environment as it affects the instruments, the 
many kinds of instruments, the power supply for them 


Zurich, Innsbruck, Copenhagen, Rome, Barcelona and 
OnStimsterdam filling the years between, and Stockholm, 
StoNfWashington and (probably) Moscow to follow on. 
icf we have run out of countries on the Earth it will, 


B 


tion: o doubt, be time to start ringing the changes on the 


t Ontither planets, with mid-week excursions to their moons. 
nizZ2- 





afer Commonwealth Spaceflight Symposium and, since what they measure comes often from particular 
-_ 27-29 August, 1959. directions, the means of controlling the attitude of the 
reve . satellite. After 40 pages of exhaustive investigation, 
dent} In opening the Symposium Sir Eric Harrison, the they conclude that the most pressing problem of all for 
tietifigh Commissioner for Australia, mentioned that the the future will be a vast expansion of facilities needed to 


handle the enormous mass of data which all these 
instruments are going to accumulate. 

J. H. Thompson, talking on “‘The Jodrell Bank radio 
telescope as a space communicator,” told of the difficul- 
ties in collecting signals from satellites, such as sky 
background noise, and rotation of the plane of polari- 
zation of the signals as they pass through the ionosphere. 


act’FWoomera rocket range had been going for 30 years and 
epresented an investment of more than £70 million, 
Yefvhich would rise to £100 million in the near future with 
hesbuccessful firings of the Black Knight and Blue Streak. 
r thee wanted the Commonwealth to produce a programme 
ble’ tomplementary to those of the United States and Soviet 
sted Russia. 
dont These two satellite-producing countries were referred 
lve 0 as the “‘heavenly twins’ by Dr. Shepherd, B.LS. 
inal Chairman, who followed with an opinion that we should 
spend £20 million a year, spread through the Common- 
wealth countries. Translated into man-power, this 
would mean about a thousand professional scientists 
ththvorking full-time. 
Om} First on the programme was W. T. Fisher, of Bristol 
can Ltd., talking on “Altitude sounding by solid 


OTe, 
day. 


thtBropellent rockets and its economics.” Being a glider 
Hilt in his spare time, he had much to say on the effect 
"ice.fof wind gusts, and he produced a remarkable plot of 
Winds in a storm which showed that a strong gust could 
thange the wind speed by 20 ft. per sec. during only half 
second. Mr. Woods, of the Weapons Research 
stablishment in Australia, commented that they found 
lee that an error of 1 m.p.h. in estimating the wind 
ould put a Skylark off course by 4 miles. 

D. S. Carton, of the College of Aeronautics at Cran- 
tld, followed with a paper on “Minimum propulsion for 
oft Moon landing of instruments” (the landing was to be 
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At the Congress: Mr. A. V. Cleaver, Chief Engineer of Rolls 
Royce Rocket Engine Division, with Dr. L. I. Levitt of Fels 


Planetarium. Photo: The Aeroplane and Astronautics;}] 











J. E. Allen, of A. V. Roe Ltd., produced a terrific 
paper on “Britain’s place in interplanetary exploration,” 
23,000 words long, the gist of which was that we ought to 
be able to produce our own space vehicles. For a start 
he suggested a commercial ramjet vehicle flying half-way 
round the world at Mach 9. 

The day’s sessions concluded with a description by 
Dr. W. F. Hilton, of Armstrong Whitworths, of “An 
air-breathing engine to work at Mach numbers greater 
than 5.” Its basic principle was that of igniting the 
air-fuel mixture at supersonic speeds “‘by spontaneous 
ignition due to shock heating” at a point where many 
shock waves meet. 

Friday started with a team from Messrs. Normalair, 
G. Beardshall and P. W. Fitt, discussing “Cabin con- 
ditioning equipment for a manned satellite.” They 
wanted the cabin atmosphere maintained at sea-level 
pressure, and the necessary liquid oxygen and absorbent 
chemicals, with equipment, would weigh 55 lb. for a 
2-day voyage and 235 lb. for 10 days. 

“General review of a British spaceflight project based 
on Blue Streak”’ was a paper in which G. K. C. Pardoe, of 
de Havilland Propellers Ltd., got down to specific 
suggestions on how his company’s long-range missile 
could be adapted to launch space vehicles. He had 
three schemes: one for adding a solid rocket to it for 
launching a low-altitude satellite; one for simply adding 
a Black Knight on top; and one for drastically shortening 
the Black Knight by putting its propellents into a 
doughnut-shaped container and adding a solid rocket as 
a third stage. 

One conclusion of D. Wragge Morley, science corres- 
pondent of the Financial Times, in his paper on “‘The 
economics of spaceflight,’ was that big space vehicles 
must be manufactured and assembled close to their 
launching sites, to save inordinate expense; Australia, 
he said, was the obvious centre for Commonwealth 
projects. 

P. R. Wyke, of A. V. Roe, concluded in his paper on 
“‘Space navigation” that the best computor to be carried 





“eo. +. 4d : 2 
At a private dinner party last November, Sir Roy Dobson, 
managing director of the Hawker-Siddeley Group, received the 
thanks of the B.I.S. Council for substantial assistance given at 
the time of the I.A.F. Congress. Here, from Dr. Shepherd, 
he receives a painting, specially commissioned from John W. 
Wood, of the A.W.A. “‘pyramid”’ boost-glider concept. 
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on an interplanetary voyage would be a “digital dif, 
ential analyser’’ containing at least 1000 transistors, 


Dr. A. P. Willmore, of University College, talking of 


“Satellite tracking by optical methods,” said the op) 
accurate methods were photographic and photo-electp, 
projection. 
“Some remarks on Woomera as a space-vehiq 
tracking and launching station” were made by | 
Higgs of the Australian Ministry of Supply, especial) 
about how the rocket range might be adapted { 
launching satellites. 
Dr. D. J. Shapland, head of the Aerophysics group, 
A. V. Roe, in “‘Heating problems of entry into planetary 
atmospheres,” considered various shapes of vehicles ay) 
various aspects of the subject, but was mainly concern 
with getting back to Earth, in spite of data on the atmo 
pheres of Mars and Venus being included in his tables, 
T. R. F. Nonweiler, whose usual subject is re-enty 
talked this time on “Commonwealth University partic 
pation,” and suggested a ten-year project directed to 
large recoverable satellite, with which a large number» 
University departments could concern themselves. 
Saturday morning had to be added to the origin 
Symposium scheme to accommodate four more paper 
starting with Dr. D. E. Bailey, of A. V. Roe, on “Th 
recovery of Earth satellites.’ Dr. O. H. Wyatt, ; 
Hawker Siddeley Nuclear Power Co., followed with 
paper on “Feasibility of nuclear fission rockets,” in whi 
he showed that, the larger nuclear rockets were, th 
greater was their advantage over chemical rockets. 
The authors of a paper from the Indian Astronautid 
Society unfortunately failed to arrive, but their conty 
bution, “An Initial Programme for a Commonweal 
Space Project,” was ably read on their behalf by 
young Indian aeronautical student, Mr. N. J. Shendg 
de Havillands of Canada were represented with 
comprehensive paper on “Canadian Facilities”’ by Mri 
Wall. 


Tenth International Astronautical Congress 
31 August to 5 September, 1959 


Eighty-one papers were read at Church House dur 
the Congress, plus 18 on the programme of the Seco 
Space Law Colloquium organized by Andrew G. Hak 
at Lincoln’s Inn. This, needless to say, does not allo 
us room even to give a list of their titles, except fort 
few British papers, which included : “‘Re-entry paths 
manned satellites,’ by Dr. W. F. Hilton of Hawk 
Siddeley; ‘Determination of air density and Earl 
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gravitational field from the orbits of artificial satellite 
by Dr. D. G. King-Hele of the Royal Aeronautit 
Establishment; ‘“‘Methods of analyzing observations“ 
satellites,” by G. V. Groves and M. J. Davies of Unive 
sity College ; and “‘A practical investigation of spaces 
control problems,”’ by C. A. Cross of the B.I.S. 

The Congress was opened by Mr. Aubrey Jones, ! 
Minister of Supply, in a strongly pro-Space speech! 
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‘# f which he knocked down, one after another, the arguments 
| jeard in “certain learned circles” against apace explora- 
jon; to the usual financial argument, for example, he 
I replied by asking who could determine beforehand 
4 whether the results of any piece of research would be 
yorth the expenditure ? 
| Dr. L. R. Shepherd welcomed the delegates on behalf 
of the B.I.S., and Andrew Haley, I.A.F. president, 
proposed his scheme for an International Academy of 








through the engineering difficulty of making its air- 
tightness absolutely reliable ; the occupants would much 
better look at the view through a television screen. One 
dissentient voice was disgusted at this miserable substitute 
for “‘the grandest view in the Universe.” 

Nevertheless, it was agreed that men ought to travel in 
space, if only in case anything went wrong and a mech- 
anical brain would not know how to deal with. 

Another widely-held sentiment was that attempts to 
sterilize a space probe were useless, and it was not 
worth spending a penny (or a cent) on trying to do it. 

The big mid-week excursion on the Thursday was by 
coach via Stoke Poges and Eton College to Windsor 
Castle, followed by lunch at Windsor and a sail down the 
Thames. A banquet and dance at the Dorchester Hotel 
concluded the Congress in style. 

The last morning was marred by the sudden death of 
Professor K. Zarankiewicz, of Poland, who had been a 
vice-president of the I.A.F. Delegates stood in silent 
tribute. 








} Astronautics, which was adopted two days later by the 
council of the Federation. 

roup As well as the formal papers, an informal discussion on 

anetaq Space Medicine was held in a basement room on the 

les ag Wednesday afternoon; it was most lively, and several 

ncernsg non-medical people must have gate-crashed into it, 

atmog judging by the crowd. Discussing “vision,” Dr. T. C. 

bles | Helvey, of Radiation Inc. Research, said he had put a 

>-entng eam onto the job of finding out what sort of window a 

partic sace ship should have, and their answer was “‘none,”” 

od tog Partly because of troublesome radiations and partly 
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re, th IONOSPHERES 

S. Tf OwECTIVES 

~ To determine and understand the sources, natures, 

wail spatial distributions and dynamical behaviours of the 

by ionized regions of the solar system, including the iono- 

vile spheres of the Earth, Moon and planets. To investigate 

vith ionospheric phenomena resulting from interactions 

Mr E between photons, particles, ions and magnetic, electro- 
static and electromagnetic fields. To understand rela- 
tions between solar activity and the terrestrial and other 
planetary ionospheres, magnetic fields and upper atmos- 
pheric current systems. To evaluate ionospheric efforts 
on instrumented and manned spaceflight, including 
communications. 

Junin 

Ha PRESENT KNOWLEDGE 

alog The terrestrial ionosphere which extends from an 

or if altitude of 60 km. into interplanetary space is formed 

hsi@ by the ionization of neutral particles, primarily by 
ladiation emitted from the Sun. The density of ioniza- 


tion is not uniform. The altitude regions of maximum 
ion density during day time are designated D, E, F, and 
F,, Additional sporadic ionization can occur at various 
kvels, particularly in the E region. Normal D region 
ionization extends roughly from 60 to 85 km., with 






ns 0 
nivel 


tons per cubic centimetre. Average altitudes at which 
maximum densities in the E, F, and F, regions occur 
ae 105, 150 and 300 km., corresponding to concentra- 
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tions of 1-5, 2-5 and 20 x 10° el./em.* These values 
are for a summer day at New Mexico during the period 
of maximum solar activity. Gradients in the lower E 
and F, regions are roughly 10* el./cm.* per km. Very 
recent results indicate that the concentration above the 
F, region experiences a very gradual decrease to a value 
of 10° el./cm.* at a height of 10,000 km. 

At night the density of ionization in the D, E and F, 
regions decreases by at least an order of magnitude. 





A NASA scientist examines the flight package of a 100-ft. dia. 
inflatable satellite of the type soon to be launched into orbit by 
the Thor-Delta rocket. It will be used in radio-communication 
experiments. 

Photo: National Aeronautics and Space Administration 








The concentration decreases by less than this factor in 
the F, region, with the result that the night time iono- 
sphere shows a single F region predominant with 
comparatively little ionization below 170 km. 

The E region altitude is relatively insensitive to latitude. 
However, the F region height is greatest over the equator 
and decreases by 100 km. at temperate latitudes. Iono- 
spheric irregularities are strongly dependent on geo- 
magnetic latitude, with extremely irregular conditions 
occurring in the aural zones. The electron density 
varies strongly with the solar Sun spot cycle, by as much 
as one order of magnitude in the F, region. The major 
ionized constituents of the E and F regions are nitric 
oxide and atomic oxygen, respectively. 

The ionosphere makes possible communication over 
large distances by reflection of frequencies below the 
critical frequency. Typical values of these critical 
frequencies are 3 to 4 mc. for the E region and 5 to 15 mc. 
for the F region. It should be emphasized that since 
ionospheric structure is dependent upon diurnal, 
seasonal, latitude and solar effects, so are its propagation 
characteristics. In the lower ionosphere such pheno- 
mena as photo-emission, diffusion, and the rectifying 
action by antennas result in charging space vehicles 
with potentials up to 20 volts. 

Very little is known about the ionospheres of other 
planets. There are indications of thunderstorms on 
Jupiter and possibly Saturn and of auroras on Venus. 


EXISTING PROBLEMS 

Although ionospheric structure is being studied by 
vertical incidence radio soundings from surface stations, 
this method gives results only up to the F region maxi- 
mum and provides only integrated effects. Past experi- 
ence has shown that rocket and satellite measurements 
of electron density versus actual height are needed to 
interpret the surface ionosphere sounding records 
correctly, and thereby permit their use on a practical 
synoptic basis. 

Since rocket measurements have not been made in 
sufficient number above the F, region and since they 
have intercepted only an extremely small portion of the 
ionosphere for small time intervals, the most important 
unknowns are the details of ionospheric structure, par- 
ticularly above the F, region, as a function of time, 
season, latitude, and solar and cosmic activity. Collision 
frequencies and the ionic composition (particularly at 
low mass numbers) require special investigation. 

Present knowledge of ionospheric propagation charac- 
teristics requires extension. Needed are explanations 
for anomalous fading effects, polar diagrams of up- 
coming and downcoming waves and waves along the 
magnetoionic ducts, experimental verification of the 
theories of whistler and Z-mode propagation, the 
frequencies at which heavy ions influence propagation 
(hydromagnetic waves), and investigation of the probable 
existence of very low frequency windows useful for 
interplanetary communications. Definition of iono- 
spheric structure and propagation characteristics is 
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important to such problems as the calculation of trackiny 
errors in A.I.C.B.M. radars and the choice of cop, 
munications frequencies. 

The interaction between charged particles in th 
ionosphere with space vehicles is one of the least under. 
stood phenomena of spaceflight. Measurements 
vehicle charge, particularly in the Great Radiation Be} 
and in regions where photo-emission effects can becom 
serious (exosphere), are needed to compute possibk 
electrical drag and missile trajectory errors. 

Propagation characteristics of the exosphere and th 
intensity and nature of cosmic noise need investigation, 
particularly in the frequency range which is moy 
affected by the ionosphere. These data are importan; 
to radio astronomy observations from space vehicle, 

Since so little is known about other planetary iono. 
spheres, discovery and survey type investigations of them 
are needed first. Then their structure and propagation 
characteristics also will need to be studied. 


PROGRAMME 
Long Range 


The long-range programme will exploit current tech- 
niques for determining the terrestrial ionospheric 
structure, its propagation characteristics, and its in 
fluence on spaceflight, by observation from _belov, 
within and above. New techniques for evaluating th 
least known parameters will be developed. All of the 
applicable methods will then be used for the study of 
other planetary ionospheres. Eventually propagation 
sounding stations may be established on the surface of 
the Moon. All the data will then be applied to under- 
stand the interrelations between solar activity, magnetic 
fields, the aurora, the Great Radiation Belt and other 
phenomena. 


Immediate 


The immediate programme is concerned with obtait- 
ing electron density profiles at altitudes above the f, 
layer by propagation experiments in sounding rockets 
Then, latitude and temporal variations of this parameter 
will be obtained by use of a satellite beacon. Topside 
sounders in satellites will be used for synoptic studies 
of electron density in the outer ionosphere. Thi 
technique promises lesser ambiguity than that obtainable 
from satellite beacons. Present knowledge of electro 
magnetic propagation will be extended by the inclusion 
of very low frequency receivers in polar-orbiting satellite 
and space probes. Ion spectrum studies will be extended 
to lower mass numbers and higher altitudes by th 
inclusion of r.f. mass spectrometers in space probe 
and satellites. Direct measurements using devices such 
as antenna probes, ion probes and electric field metét 
will be made in rockets and satellites, to better defint 
ionospheric structure and to study the interaction 
between the ionosphere and space vehicles. 
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ENERGETIC PARTICLES 

OBJECTIVES 

To determine and understand the origins, natures, 
motions, spatial distributions and temporal variations 
of particles having energies appreciably greater than 
thermal. To understand interactions between such 
particles, fields, photons and matter. To evaluate 
possible hazards to life and other effects of energetic 
particles and photons on instrumented and manned 
space exploration. 


PRESENT KNOWLEDGE 


Cosmic rays are an important constituent of the 
energetic charged particles which are known to be 
present in space. It is now certain that cosmic rays 
consist primarily of high energy hydrogen nuclei plus 
asmall percentage of energetic nuclei of heavier atoms. 
The heavier cosmic rays are largely energetic helium 
nuclei but include masses up to that of iron. It has 
been determined that the cosmic ray energies cover at 
least the range from a few billion to a billion billion 
dectron volts. Over this energy range the spectrum is 
such that the cosmic ray intensity falls rapidly with 
increasing energy. Because of this spread of individual 
particle energies, and because of the magnetic field of 
the Earth, fewer cosmic rays strike the Earth’s upper 
atmosphere at the equator than at higher latitudes. 

On striking the atmosphere the cosmic rays produce 
many secondary particles, including electrons, many 
types of mesons, and fragments of atomic nuclei. Most 
of these secondaries are absorbed by the atmosphere, 
but a few reach the Earth and some scatter back out of 
the atmosphere. The intensity of these secondary 
particles just above the atmosphere is comparable with 
the cosmic ray intensity but decreases as the distance 
above the atmosphere increases. The cosmic ray 
intensity is not a constant but varies with the sun-spot 
cycle and with magnetic storms and solar flares. 

Another group of energetic particles in space comprises 
the particles which produce auroras. These particle 
streams contain electrons having energies over at least 
the range from a few hundred to a few thousand electron 
volts. Also present are hydrogen nuclei having energies 
over about the same range as the electrons. On striking 
the atmosphere these particles ionize and excite the air 
atoms producing the light we see as auroras. 

A third class of energetic particles known to exist 
in space comprises the Great Radiation Belt. These 
particles are in a belt surrounding the Earth at latitudes 
kss than 70° and at altitudes between about 600 and 
30,000 miles. The intensity of the radiation in the belt 
is thousands of times that of the cosmic rays. It seems 
clear that the radiation belt is the immediate source of 
the auroral particles. 


EXISTING PROBLEMS 


Among cosmic ray problems, important phenomena 
0 investigate are: The sources of the primary cosmic 
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Inspecting the 91-5-lb. satellite Explorer VII on the fourth stage 


of the Juno II launching rocket. 
Photo: U.S. Army 


rays, the processes by which the particles obtain their 
high energies, their distribution in space, their variations 
in intensity and composition with time, their energy 
spectrum particularly at lower energies, their interrela- 
tions with the auroral and radiation belt particles, their 
effects on both animate and inanimate objects, and their 
detailed composition, including the possible presence of 
anti-matter. 

In the field of auroral particles, the following are 
unknown: The origin and acceleration mechanisms of 
these particles, their presence or absence in space and 
near other planets, their rapid variations in intensity 
and spatial distribution, their detailed composition and 
their relations with cosmic rays, radiation belt particles, 
magnetic fields, the Sun, the ionosphere and with upper 
atmosphere processes. 

Among the unknowns associated with the Great 
Radiation Belt particles are: The composition and 
energy of the particles, their origins, the lifetime of 
the particles, their spatial extent, their possible variations 
in composition and intensity, their effects on animate 
and inanimate objects and their relations to cosmic rays, 
auroral particles, magnetic fields, the Sun and upper 
atmosphere processes. 


PROGRAMME 
Long Range 


In situ measurements using deep space probes will be 
made from the close proximity of the Sun to the limits 
of the solar system. Extensive measurements in the 
vicinity of the planets, especially the Earth, will be made 
to determine the interaction of the energetic particles 
with the atmospheres and fields of these bodies. These 
measurements will require satellite orbits around the 








Earth, the Moon and other planets. The establishment 
of an observatory on the surface of the Moon or on 
some other planet might be necessary, depending on 
the data previously acquired by artificial satellites. 


Immediate 

In the near future the measurements of energetic 
particles will be pursued with satellites and rockets in 
the vicinity of the Earth and with interplanetary probes. 
These measurements will be aimed at determining the 
interactions of these particles with the Earth’s atmosphere 


and field, their interactions with interplanetary field; 
the types and energies of these particles, their spatig| 
distribution, and the origin of the energetic particles, 

The immediate programme includes specifically 
measurements of the cosmic ray intensity in interplane. 
tary space; of time and latitude cosmic ray intensity 
variations ; of the composition and spatial extent of the 
Great Radiation Belt; of the cosmic ray energy and 
charge spectrum; and of the nature of the particle 


producing auroras. 
(to be continued) 





Spaceflight on Film 


By ALEC M. HUGHES, M.A. 


Two recent conferences in Britain—the Annual 
Meeting of the British Association at York and the 
Thirteenth Congress of the International Scientific Film 
Association in Oxford—have provided film enthusiasts 
with an opportunity of seeing several popular films 
related to spaceflight. 

One might begin with a reference to the Shell film 
““Schlieren,”’* not because it is concerned with spaceflight 
but because it deals with a system of photography which 
has made a great contribution to our knowledge of 
pressure problems associated with supersonic flight. 
The Schlieren system of photography was developed in 
Germany in the nineteenth century for the purpose of 
detecting flaws in glass; the faulty parts of the glass 
refracted light waves, and this refraction could be 
converted to a shadow on a photographic image. 
Changes in air temperature and pressure also refract 
light, and the combination of wind tunnel, ciné colour 
photography, and an ingenious arrangement of light 
source and mirrors, allows the aerodynamicist to record 
shock waves and areas of expanding air in contrasting 
colours on moving film. “Schlieren” not only explains 
this system and illustrates examples (such as aileron 
“buzz”; air flow from nozzles; and air flow around 
different types of wing section) but also provides many 
homely examples of the possible application of this 
photographic technique. 

“Schlieren” was shown both in York and at Oxford; 
and with it the British Association also included a very 
interesting Soviet film “Blazing a Trail to the Stars.” 
This was a fascinating production—an account of the 
pioneer work of Tsiolkovsky, leading to a useful des- 
cription, with animated diagrams, of the principles of 


*Recipient of a British Association special award at the 1959 
Harrogate Festival of Films in the Service of Industry. 


146 


propulsion in space. The film concludes with a presen- 
tation of man’s first experimental spaceflight, followed 
by a mass attack on interplanetary exploration with the 
erection of a space station and a glimpse of the work 
conducted in it. This included not only astronomical 
studies assisted by television transmission but also 
research into biological problems. Characterized by the 
thoroughness and lavishness of most Soviet popular 
science productions, and notable for its objective 
presentation of technical problems, this film had some 
fine dramatic sequences. The most exciting was 
undoubtedly a demonstration by Tsiolkovsky to some of 
his pupils of the principles of space propulsion—his 
excitement increasing as he hurls from his rowing boat 
first one oar and then the next, to be followed by his 
jacket and anything else he could lay his hands on 
This is surely the way to engage the interest of a la) 
audience in a technical concept. 

Not so many years ago all this would have been treated 
as fanciful. With televised pictures of the far side of the 
Moon in all our newspapers, spaceflight is on the thresh- 
old of reality for the man-in-the-street, who can nov 
learn from these films a few of the problems confronting 
the would-be astronaut. At Oxford one also saw, 
“Quadruped Astronauts,” a very interesting Russiat 
account of the training of animals for space research 
Sequences on bird behaviour under varying air pressurts 
were compared with the reactions of rabbits. Dogs 
were subjected to centrifugal forces and to tests if 
conditions of “‘weightlessness.”’ Acclimatized to life in 
the special cradles devised for them for spaceflight, 
dogs reacted in different ways. One could not stand 
the vibrations whilst another not only showed no appar 
ent ill-effects, but subsequently bore a litter of puppies: 
the offspring are now being trained for space research 
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Amidst this world of strange and sometimes frightening 
experiment (such as that in the laboratory with parachute 
release mechanisms) the dogs appeared lively and well- 
adjusted, and every evidence was given of the care and 
affection surrounding their training. 

Dogs are not, of course, the only experimental subjects. 
An interesting Italian film “The Function of the 
Labyrinths in Spaceflight”’—well merited the description 
by one British filmmaker present that it was the most 
uninhibited film he had ever seen. It switched gaily from 
the well-known trick film fantasy of George Melies in the 
early years of this century (when the hazards included 
dodging the man in the Moon and even being swallowed 
and regurgitated like Jonah!) to location shots of con- 
temporary research. One such sequence showed that 
when a man is rotated on a special test rig he quickly 
becomes giddy and sick, but avoids this reaction if his 
head is firmly clamped. Forces up to 3 or 4-g produce 
marked physiological effects, dramatically illustrated by 
X-ray cinematographic shots of blood being drained 
from the lower part of the body of a monkey. Weight- 
lessness can be induced for human subjects by -flying 
jet aircraft on carefully controlled parabolic paths and 
one was treated to some fascinating film records of men 
“floating” in their cabin. The suggested antidote—that 
of rotating the space vehicle—was featured in the Soviet 
spaceflight film. And it might well have cheered the 
soul of the deaf Tsiolkovsky to know that this film 
recorded the opinion of some research workers that deaf 
people might well be more suitable as astronauts because 
the damage to their labyrinths rendered them immune to 
some of the maladies which beset those with normal 
hearing. 

This new world of space travel causes the man-in-the- 
street to question many of his old-established values. 
He should be the more receptive therefore to an exciting 
Czech film “‘Motion and Time,” which won special 
commendation at the Oxford Congress for “‘its treatment 
of a difficult subject.’”” This was a very brave try at pre- 
senting to a general audience some aspects of Einstein’s 





(continued from page 150) 


increases in the vehicle performance requirement. In any 
event, Tsu has shown that it is only for the nearer planets that 
any advantage on grounds of voyage time may be claimed for 
the sailing technique. 

S. W. GREENWOOD. 


West Clandon, Surrey. 
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Theory of Relativity. This was a fascinating exposition 
with some ingenious film devices for conveying abstract 
notions. Thus one could compare side by side a normal 
landscape with one viewed at supersonic speed ; see how 
speed altered space relations (as a fast moving car is 
compressed to half its length before our eyes); and even 
take off on a fanciful “spaceflight” in a branch-line 
railway which tires of keeping to the rails. 


FILMS REVIEWED :— 

“Schlieren.” 16/35 mm. Sound. Colour. 19 minutes. 
Great Britain, 1959. Obtainable on free loan from 
Petroleum Films Bureau, 29 New Bond Street, London, 
W.1. 


“Blazing a Trail to the Stars.” 16 mm. Sound. 
Colour. 45 minutes. U.S.S.R., 1958. Produced by 
Leningrad Popular Science Film Studios. Available 


on hire from Contemporary Films Ltd., 14 Soho Square, 
London, W.1. 

“Quadruped Astronauts.”” 35 mm. Sound. Black 
and white. 21 minutes. English commentary. U.S.S.R., 
1959. Produced by Moscow Popular Science Film 
Studios. Not available in Great Britain. 

“The Function of the Labyrinths in Spaceflight.” 
16 mm. Sound. Colour. 18 minutes. Italy, 1959. 
English commentary. Not available in Great Britain. 

“Motion and Time.” 35 mm. Sound. Colour. 
134 minutes. Czech commentary. Czechoslovakia, 
1958. 
Film export. 


Distributed in Czechoslovakia by Czechoslovak 
Not available in Great Britain. 





Sub-orbital test-firing of an unmanned Mercury space-capsule 
on the nose of Little Joe. The 55-ft., 20-ton, booster consists 
of eight solid-propellent motors, four Pollux and four Recruits. 


Photo: National Aeronautics and Space Aministration 








News Diary 


By PETER BAILY 


Britain’s space programme was announced in Parliament 
on 12 May by Premier Macmillan. “‘A compromise between 
the £15 million programme to launch five satellites put 
forward by the Royal Society, and the views of Government 
advisers who believe Britain can’t afford the money,” reported 
the Daily Express knowledgeably. “Left enthusiasts crying 
for the moon,” quipped the Observer. ‘‘Mercifully, harmless 
enough,”’ commented the Guardian; ‘the Government which 
could not bring itself to pay the cost of Jodrell Bank has 
given itself plenty of opportunity to think again.” “Modest 
but realistic,” said the Sunday Times; “gives satisfaction to 


those who want to see this country always in the van of 


scientific discovery. . . . Space research may or may not lead 
to utilitarian improvements for us on the earth’s surface... 
but it is worth taking a chance. Here is one of the vital 
growing points of scientific knowledge.” 


It was a low-cost three-stage programme. Stage one was 


to design satellite instrument packages; stage two to see if 


American rockets could be used to put them into orbit; stage 
three, to study how British rockets could be adapted for the 
purpose if stage two misfired. 
to hope that the rent-a-rocket stage would misfire, so that 
stage three could get rolling sooner.) 

Lord Jellicoe described the whole programme as “‘late and 
little.” While the proposed approach to the Americans was 
sensible, “‘the odd thing is that the ground was not cleared in 
this way at least 18 months ago.”” He looked forward to a 
more extensive and “full-blooded programme concerted not 
only with the U.S.A. but also, and intimately, with the 
Commonwealth.” 

Meanwhile the Commonwealth was not letting grass 
grow under its feet. Canadian Premier Diefenbaker announ- 
ced in the same month that Canada had already made 
arrangements with N.A.S.A. to put a Canadian satellite up in 
1961. “Canada should maintain its status as a scientifically 
advanced nation, and continue a sound program of research 
into outer space,” he said. 

Britain’s space research steering group met for the first 
time on 27 May. Sir Edward Bullard was in the chair, and 
members were: Prof. W. V. D. Hodge, Prof. H. S. W. Massey, 
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Sir Harry Melville, of the D.S.I.R., Sir Graham Sutton of the 
Meteorological Office, the Astronomer Royal Dr. R. Woolley, 
and representatives of other Government departments. 

Prof. Massey duly set off for the States with his team, and 
his mission was successful, as reported in the House of Lords 
by Lord Hailsham at the end of July. The Americans had 
been “‘extraordinarily forthcoming, generous and anxious to 
co-operate,” said Sir Edward Bullard, commenting on the 
trip. A 4-year programme costing between £100,000 and 
£200,000 a year was planned. Three satellites, probably 
20 in. x 20 in. and weighing perhaps 150 Ib., would be 
launched from Virginia or California in the new Scout 
rockets, and “‘existing facilities’’ would be used for tracking 
and telemetry. 

It is interesting to compare this £150,000 a year budget with 
N.A.S.A.’s $485.3 million budget for the current financial 
year, which the U.S. Senate approved in June. This by no 
means covers all the American expenditure on space research: 
i.e., a large part of the Advanced Research Projects Agency’s 
$410.4 million budget will go into rocket engine and satellite 
development. 

May was also the month in which Sputnik Three, the 
massive “satellite laboratory,’ had its first birthday. Since 
launching it had orbited Earth over 5,000 times. Its main 
transmitter had broadcast non-stop for over 8,000 hr., most 
of the time on solar power, and its reserve transmitter had 
yet to be called on. 

Jodrell Bank hit the headlines on 15 May, when it exchanged 
trite messages with the U.S.A.F. Cambridge Research Centre 
in Massachusetts by means of a radio beam bounced off the 
Moon. One kilowatt of power at 201 Mc/s. was beamed 
from the giant telescope’s 250 ft. dish, the beam angle being 
such that the whole face of the moon was used as a reflector. 
Pye Telecommunications, whose equipment was used, said 
they meant to try this again with a much smaller 25 ft. dia. 
dish. 

Project Mercury—man into orbit—made a spectacular 
start to its 25 scheduled animal test flights on 28 May, whena 
Jupiter rocket took two monkeys 300 miles out into space and 
brought them back alive. Other cargo on the trip reads like 
the ingredients for a potent spell: blood, yeast, corn, mustard 
seed, eggs of sea urchins, fruit fly larvae. 

The two animals, Able and Baker, survived speeds of 
10,000 m.p.h. accelerations of 38 g (on re-entry), and nine 
minutes of free fall on their 15 minute, 1,500 mile flight from 
the Cape. Able made the trip wearing a space suit with 
earphones and lying on a fibreglass couch, while Baker 
reclined on a rubber mattress wearing a plastic helmet lined 
with chamois. Fished out of the sea off the Antiguas 2 hr. 
after take-off, the monkeys were flown to Washington for a 
monster press conference. They posed happily for press 
photographers, but offered no comment on their journey. 

July brought news of developments both in atomic pro- 
pulsion and in sonic controlled solid fuel rockets. The 
A.E.C. was working on Project Rover, intended to check the 
feasibility of nuclear rockets. The principle is simple: 
hydrogen, blown through channels in an atomic reactor, is 
heated to 2000 or 3000° C. and expands out of a rocket 
nozzle as a high speed jet. Practical difficulties are so great 
that Project Rover is not to develop sucha rocket but just to 
see if it is feasible. 

Well, apparently it is. Los Alamos Scientific Laboratory 
gave a full power static test at Jackass Flat, Nevada, in early 
July, to a test rig dubbed Kiwi-A. The results weren't 
published, but the Joint Committee on Atomic Energy sent 4 
telegram reading: ““Congratulations . . . truly a milestone 
development of atomic propulsion . . . thanks of nation, 
which sounded promising, and one of the Los Alamos boys 
is quoted as exclaiming: “‘This is it! Mission accomplished! 
Already code names Condor and Dumbo have been reserved 
for the first two flying test rockets, and there is talk of nuclear 
rockets capable of escaping from earth with a 15°% payload. 
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1 Of the The sonic control idea is being developed by Acoustica at 3.23 p.m. our time, and 17 min. later Jodrell Bank picked up 








‘oolley, Associates Inc of Plainview, N.Y., on a $85,188 initial its first radio beeps. Paddlewheel was looping round a long 
ts. N.A.S.A. contract. Apparently the burning rate of fuel in a thin ellipse from a perigee of 157 miles to an apogee 26,400 
m, and solid fuel motor is affected by sound. Acoustica plan to use a miles out, with a period of 12 hr. 5 min. The 29 by 26 in. 
F Lords 10,000 cycle whistle (about as high as many people can hear), ball was packed with miniature instruments. Three trans- 
ns had at 170 db (an enormous sound level, 100 times as loud as a mitters and two receivers, capable of being switched on and 
ious to jet banging through the sound barrier), to smooth out the off from the ground, were to check radio transmission through 
on the burning curve, and perhaps also, in cluster rockets, for the ionosphere. Two magnetometers observed the Earth’s 
0 and steering. magnetic field. Other gear counted meteor dust (micro- 
obably Bad news for space pilots was broken in August by Minne- meteorites), mapped the Van Allen belts, peeked at cloud 
uld be sota University physicists Ney, Winckler, and Freier. Lethal cover below and radioed back a crude picture of smudges and 
Scout blasts of solar radiation had been registered in May and in blurs which was still the first view of Earth from so far out. 
‘acking July by their balloon-borne instrument packages. About Instrument readings were coded and stored in a memory 
10,000 times intenser than ordinary cosmic rays, the radia- device called Telebit, able to boil down data recorded over 
et with tion consisted of high-speed protons shot out by a disturbed 44 hr. into a message which could be transmitted in a few 
1ancial region on the sun. The same region fired off both May and seconds. The chemical batteries were charged by 8,000 
by no July broadsides, is probably spraying the solar system as it silicon solar cells carried on four 20 in. square paddles. 
earch: revolves with streams of high energy particles deadlier to This solar power device was developed from Vanguard One’s 
zency’s space men then the Van Allen belts. photo-electric window, which is still keeping the tiny satellite’s 
atellite Late in August Discoverer Five went up from Vandenberg, radio on the air after 17 months, and is intended to power the 
both rocket hull and a 300-lb. instrument package going into a transmitters of the Mars and Venus probes. As reported in 
e, the polar orbit. The U.S.A.F. planned to bring the satellite the last issue, it was originally planned to launch the Venus 
Since down by retro-rocket after 17 round trips and to catch it in probe last June, but wiser counsels prevailed, and the attempt 
} Main nets trailed by C119 transport planes, but the attempt failed, has been deferred until the probe has been perfected. 
, Most no more being heard from Discoverer Five. Paddlewheel’s internal temperature is regulated by a 
er had The big news of the month was the successful launch of thermostat which operates by covering and uncovering a 
America’s biggest, most sophisticated satellite yet: Explorer patch of carbon black on the outside. The satellite also 
langed Six, commonly called Paddlewheel. A 90-ft. 524-ton packs a 5 lb. kick rocket for course correction, and all in all is 
Centre Thor-Able rocket took the satellite up from Cape Canaveral a convincing demonstration of how far U.S. rocketry and 
off the space research have come in the panicky months since 
eamed Sputnik One jolted it into high gear. 
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Correspondence 


Sir,—In his article, “‘Meteorites and the Origin of Life,” 
which appeared in Spaceflight, Vol. Il, No. 2, p. 40, M. H. 
Briggs stated (my own rewording), that a living spore could 
not have come via photons from another solar system; 
because the minute push of the photons of our sun would 
prevent it from entering our own solar system. Is this in 
error? 

I reasoned that the spore would be accelerated by the 
minute push of the photons from the star of the planet of 
departure. While the force of the photons would reasonably 
diminish with distance, the velocity of the spore would in- 
crease due to the steady acceleration. When the spore 
reached the point where the gravitational attractions of the 
two stars were equal, it would be travelling at a velocity 
almost that of light (?) and would begin to decelerate (not 
stop). (It could be diverted by Sol’s photons.) By the time 
the invading spore reached the outskirts of the Earth’s 
atmosphere, its velocity would again be so minute, it would 
simply drift into and down through the atmosphere. 

V. MAXIE WARD, JR. 
309 Arlington St., 
Houston 7, Texas, 
U.S.A. 
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Environmental testing of the Nike Hercules SAM at White 
Sands Proving Grounds with technicians checking the skin 
temperatures after a portable conditioning unit had sent tempera- 
tures down to below zero. The shroud has been removed and 
icicles can be seen hanging from the missile and small ice particles 
lying on the ground. In the background, to the left, is the Army 
blockhouse. 
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Sir,—All astronautical books state that the first ang 
second major planets on which Man will set up scientific 
outposts will be Mars and Venus, respectively. However, jt 
seems that the writers do not consider that it would be 
possible to set up outposts on any of the other planets 
because of their unusual surface conditions, or that they 
would be of any scientific value. 

A solar observatory on Mercury would be extremely 
valuable because—Mercury has very little or no atmosphere, 
and therefore a great deal of the ultra-violet part of the Solar 
Spectrum could be studied; the Sun would appear to be three 
times greater in diameter and nine times brighter, than jt 
appears to be as seen from Earth, and consequently more 
detail would be visible and more powerful spectroscopes, ete, 
could be used; and thirdly, Mercury keeps the same side 
permanently turned towards the Sun, and therefore, Sup- 
spots, prominences, etc., could be observed without interrup. 
tion over periods of several weeks or more. 

It would be necessary to establish the observatory on the 
““day’’-side of the planet near one of the poles, since the 
temperature at the Equator rises to over 700° F., and, as the 
temperature at the poles is much more moderate, it should 
prove no more difficult to survive there than to survive on the 
Moon during the Lunar day. 

I would be very interested to know the views of any of your 
readers on the possibilities of a solar observatory on Mercury, 


M. J. Price. 
40, Fairhaven Road, 
Redhill, Surrey. 


Sir,—Solar Sailing as a possible method of interplanetary 
transportation is gathering its adherents, and the following 
comments are an attempt to set some matters in perspective 
before uncritical enthusiasm is carried too far. 

The recent article by Powell’ is based on work by Tsu; 
and the latter in turn makes reference to Garwin.’ The 
present writer* sounded a note of caution after the appearance 
of Garwin’s paper, but it apparently went unheeded. 

The principle of the solar sail is that the incident flow of 
momentum of solar radiation on the sail is altered by striking 
the sail, resulting in a force on the sail. References by Powell 
to the influence of solar energy in this connection seem to 
me to be misleading. For the maximum possible force to 
be exerted on the sail at a given distance from the Sun, all 
the incident radiation must be reflected, i.e. the surface on 
which the radiation is incident must be a perfect reflector. 
This condition is implied in the assumptions made by both 
Garwin and Tsu, but is not stated. In a real case, this 
condition will not be met, and the force will therefore be less 
than that estimated. Some energy will pass into the sail, 
and that portion of it that is radiated on the sunlit side wil 
provide some thrust, though not as much as if the radiation 
had been directly reflected. A second matter now arises. 
Some radiation will be emitted on the shadow side of the sail, 
unless the surface in the solar shadow is a perfect reflector. 
In practice this condition will not be met, and the emission 
of radiation on the shadow side will produce a force on the 
sail opposite in direction to that produced by the reflection 0! 
solar radiation. 

The problem of producing and maintaining highly reflective 
sail surfaces is an acute one, and should not be neglected in 
future studies. Pitting due to impact by meteoric dust and 
the action of furling and unfurling the sail will contribute to 
the difficulties. 

In conclusion it should be noted that it is a little unfair to 
compare the voyage times of the sailing vehicle with those 
for a conventional rocket using the minimum energy sem 
ellipse. Appreciable reductions in journey time are possible 
in the region of the minimum energy orbit for relatively smal 


(continued on page 147) 
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Rocket Nozzles and Exhaust Jets 


By E. T. B. SMITH, B.sc., D.c.Ae., A.M.I.Mech.E., A.F.R.Ae.S. 


Introduction 

All rocket vehicles, and indeed all those vehicles which 
do not move in contact with the ground or on railways, 
are propelled by imparting momentum to some body of 
fluid. This fluid may be part of the surroundings, or 
the vehicle may have to carry some or all of it. Almost 
all ships, boats, and propeller aircraft simply push rear- 
wards a local stream of water or air: turbojet and ramjet 
aircraft use air as part of the thermodynamic system and 
burn it with fuel: while rockets carry the whole of their 
supply of working fluid, which also supplies the heat 
energy. This independence of the surroundings gives 
the rocket its value for spaceflight, but it requires the 
propellent to contribute a major part of the vehicle 
mass at launch. 

The performance of a rocket vehicle depends on the 
amount of thrust that can be got from a particular rate 
of flow of the working fluid: if this is low, the vehicle 
will not accelerate rapidly, and at “all burnt” the speed 
will perhaps not be high enough for it to travel the 
required distance. Simply increasing the propellent 
load is not at all an economical way of getting perfor- 
mance, as many writers have shown. The thrust per 
unit flow is usually called “‘specific impulse,” and, in 
the absence of any effects due to pressure differences 
at the point of discharge, it depends only on the velocity 
with which the working fluid leaves the vehicle. In all 
present-day systems, the fluid is accelerated by using it 
as a gas and allowing its pressure to fall with expansion 
taking place in an ordered way through a properly shaped 
duct or nozzle. It is only in such devices as ion rockets 
or plasma jets that it may be possible to use an alterna- 
tive method and move the gas electrically.? 

The velocity which can be reached by the gas depends 
not only on its physical characteristics (molecular 
weight and specific heats) but on the temperature at 
which it is produced and on the ratio between the 
pressures at the beginning and end of the expansion. 
If we can use a gas which does not alter its molecular 
weight or specific heat at high temperatures, we can 
write, neglecting losses, 


Ve* 24y G a. 
on ee, 2 ~ ee 

2 y—Im { (Peln0) y \ 
where 


V, is the velocity of the exhaust gas 

T, is the temperature at which the gas is generated 

P, and P, are the gas pressures before and after 
expansion 

y is the ratio of the specific heats of the gas at constant 
pressure and constant volume, C,/C, 

m is the molecular weight of the gas 

G is the universal gas constant. 
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Fic. 1. Example of an exhaust jet expanding radially as well 
as axially. Note the ‘Mach disc” some distance from the rocket 
nozzle. 


Photo: R.P.E., Westcott 


The table shows values of exhaust velocity for different 
values of these variables. 


TABLE—Effects of Gas Properties and Reservoir Conditions 
on Exhaust Velocity 


Cole Press. 
(Ratio Ratio 
of specific Supply across Exhaust 
Heats Mol. Temp. Supersonic Velocity 
Gas = y) wt. "Eh. nozzle ft./sec. 
Argon 1-67 18 1500 30 1310 
Steam 1-30 18 1500 30 1470 
Co, 1-30 44 1500 30 930 
H, 1-40 2 1500 30 4250 
Air 1-40 29 1500 30 1120 
Air 1-40 29 300 10 440 
Air 1-40 29 300 50 520 
Air 1-40 29 3000 10 1390 
Air 1-40 29 3000 50 1650 


Where the gas is produced by the burning of either 
liquid or solid propellents, it is necessary to ensure that 
the propellent system gives a gas which has the optimum 
values of T,, y and m, and, once the appropriate pro- 
pellent composition or mixture ratio has been estab- 
lished, the main variable that the engineer has under 
his control is the pressure ratio. This must be high 
for a high exhaust velocity, but for a lightweight pro- 
pulsion system, it should be as low as possible, since 
high burning pressures mean heavy pipe lines, pumps, 
and combustion chambers: low exhaust pressures mean 
very large and heavy nozzles to give controlled expansion. 
There is thus the same conflict between low structure 
weight and high performance in rocket systems as in 
nearly all propulsion systems. Even after the gas has left 
the nozzle, there may be a need to determine its behaviour 











in relation to structures near the rocket: the behaviour 
of gases both inside and outside nozzles will be con- 
sidered at a simple level in this article. 


Flow in Nozzles 


The expression given above for the exhaust velocity 
gives no clue as to the means whereby the gas can be 
expanded from one pressure to another, with a minimum 
of loss of available energy. This problem of obtaining 
the greatest possible conversion of heat and pressure 
energy into kinetic energy can be solved by the design 
of efficient nozzles. Real nozzles fall short of the ideal 
of loss-free conversion in several ways, as will be 
described. 

Nozzles for the flow of gases at high pressure ratios 
are not simple convergent ducts, such as are used with 
water, but they first converge to a minimum section, or 
throat, and then diverge. Two regimes of flow exist 
in such nozzles. The gas always flows subsonically 
(less than the local speed of sound) in the convergent 
part, and supersonically in the divergent part: at the 
throat the gas velocity is exactly equal to the local speed 
of sound. The two regimes of flow merge smoothly 
one into another when the flow is accelerating, but have 
opposite dependences of pressure and velocity on duct 
area: for example, an increase of area implies a gain in 
pressure and a decrease in velocity in subsonic flow, 
but a fall in pressure and an acceleration in supersonic 
flow. 

For a sufficiently high pressure ratio, the mass flow 
through a nozzle depends only on the throat area and 
on the temperature and pressure of the gas in the reser- 
voir supplying it, and the pressure and temperature at 
the throat are always constant ratios of the reservoir 
values. For most gases, the pressure at the throat falls 
to a little more than half that in the reservoir, and we 
may see at once why a simple convergent nozzle, or 
choke, is not an efficient nozzle: the excess pressure 
causes the gas to expand radially as well as axially as 
it leaves the nozzle (Fig. 1) and, although the gas must 
drop in pressure to that of the outside atmosphere, the 
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Fic. 2. 


Profile of a typical rocket nozzle. 
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velocity achieved is not so high as that from a divergen, 
nozzle. 

The fact that the velocity of the gas passing through 
the nozzle throat is equal to the local velocity of soup 
implies that ro change in pressure can ever be propy. 
gated upstream through the throat, and so, once sopic 
speed has been reached, no decrease in downstreap 
pressure can increase the mass flow. For this reagoy 
the flow through a nozzle is often described as “choked,” 
but since there is always a subsonic boundary layer ney 
to the walls of the nozzle, there must be some upstream 
propagation in it. For the flow in the divergent portig, 
of the nozzle, the remaining fall of pressure and the 
increase in velocity depend primarily on the ratio 
between the areas at the throat and the exit. For gase 
with constant molecular weights and specific heats, jj 
is easy to establish relations for area ratio, pressure 
ratio, mass flow and reservoir conditions. These wil 
be found in the standard books on the subject. Man) 
real gases, however, change their equilibrium compos- 
tion with temperature and pressure, and this means that 
molecular weights and specific heats are not constant. 
It is a complicated calculation? to determine the floy 
parameters in such cases, and there is also an unknown 
dependence on the rate of temperature variations. |i 
is thus not possible to given an exact answer even 
neglecting friction and heat losses and effects of nozzle 
geometry. 

The choice of the internal profile of a rocket nozzle, 
even when the area ratio has been established, depends 
on requirements of weight as well as performance, but, 
since the former cannot be assessed without reference 
to some particular vehicle design, we will concentrate 
on the latter. Supersonic nozzles for wind tunnels mus 
give streams of gas that have uniform velocity: ease of 
manufacture, light weight and compactness are al 
sacrificed to gain this end. They also operate with 
constant ratios between the pressures in the reservoir 
and in the spaces into which the nozzles discharge. Be 
cause the rocket engineer must take some notice of the 
way in which nozzles fit into the vehicle design, and 
because there is, at least when it is designed to operatt 
near the Earth’s surface, a continual variation in th 
air pressure outside the nozzle, complications of design 
are only adopted when maximal performance is det 
manded. Existing design methods* for shaping th 
divergent sections of nozzles require a knowledge of the 
shape of the surface in the nozzle throat over which sonit 
speed is achieved, and, if this is not known, there wil 
be losses in the supersonic flow due to weak shock 
waves which decrease the availability of the energy. 
Most nozzles have for engineering reasons convergetl 
sections (Fig. 2) which, although the losses in them att 
very small, do not give an easily calculated “‘soni 
surface.” In any case there are generally irregularities 
in velocity distribution in the combustion chambet 
which are not smoothed out by the time the nozzle i 
reached, and the composition of the gas is not knowl 
accurately. For these reasons it is not very much us 
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to try and design the divergent portion of the nozzle 
with great accuracy, and so a simple cone is used, blended 
to the throat with a continuation of the entry arc. The 
yse of a cone means that, at the exit, the gas next to 
the walls does not flow parallel to the nozzle axis. The 
magnitude of the gas velocity may be the same right 
across the nozzle exit, but near the walls the axial com- 
ponent will be reduced by the factor cos a, where « is 
the cone angle. Approximately, the total effect of the 
divergence on the effective exhaust velocity is to reduce 
it in the ratio cos*(a/,) if we regard the gas as flowing 
from a point source at the apex of the cone. 

So far, we have neglected the effects of the viscosity 
of the gas on nozzle performance. Even in the study 
of fluids at low speeds and temperatures the introduction 
of viscosity makes the problems much harder. For a 
rocket nozzle, where there are severe gradients of 
pressure, temperature and velocity in a compressible 
gas, it is not simple to make exact measurements and 
theoretical calculations are extremely difficult. It is 
not so difficult to determine the general influence which 
skin friction has on nozzle performance, and to make 
comparisons between nozzles of different size and diver- 
gence angle. The simple divergence loss formula 
indicated that, for a very small nozzle angle, the losses 
should be very small: however, a nozzle with such an 
angle would be very long for a given area ratio, and 
would have high frictional losses. There will be a 
divergence angle for each nozzle, depending on size 
and area ratio, for which the sum of the losses due to 
divergence and friction are a minimum. Some guide to 
the value of the friction coefficient can be got from 
published literature,* and, while errors in the absolute 
value will probably exist, it is likely that the dependence 
on Reynolds’ number will be much the same as for 
turbulent flow over flat plates. Fig. 3 shows the results 
of some calculations. For nozzles with small throat 
diameters the optimum nozzle angle’ lies at about 8-10°: 
thus the standard choice of rocket engineers, 15°, is 
probably a good compromise if the nozzle structure is 
heavy. For larger nozzles, smaller angles give the best 
performance. If the nozzle mass is only a very small 
fraction of the propellent mass, then nozzle angles 
should be reduced. 

A further phenomenon that has a bearing on nozzle 
performance is that of dissociation and recombination 
of the propellent gases. At high temperatures, over 
about 2000° K., molecules which are stable at room 
temperatures break up: they recombine again when the 
temperature is lowered. While it is an established part 
of thermochemistry? to calculate the changes in heat 
content which attend these reversible reactions, such 
calculations only have value if it is known to what 
extent the gases are in equilibrium during the flow 
through the nozzle: the reactions take time to occur, 
and rapid changes of temperature and pressure will 
prevent the gas from approaching closely to equilibrium. 
A departure from equilibrium implies that there is some 
unavailability of energy. It has been estimated® for 
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Fic. 3. Friction and divergence loss in conical nozzles. 


liquid oxygen/kerosene that this can be up to 5%. The 
use of a long nozzle gives more time for equilibrium shift 
to be reached, and so one might expect large nozzles 
to be more efficient both on account of the lower fric- 
tional effects and because of the gain of energy in re- 
combination of the gas. Heat losses to the nozzle are 
mainly important in their effect on the friction losses, 
since the heat normally is absorbed by one of the 
propellents on its way to the combustion chamber. 


Rocket Exhaust Jets 


One of the most striking and characteristic features 
of the exhaust streams from rocket nozzles are the 
beautiful repeated diamond patterns which appear in 
the flame (Fig. 4). The main features of the patterns 
can be determined from the general principles governing. 
supersonic flow, but for the particular case which is 
commonest in rockets (flow from a divergent axisym- 
metrical nozzle) it is not possible to calculate the flow 
exactly. Even in cases where a solution can be obtained 
the patterns become diffuse some way downstream, due 
to the entrainment of air or surface combustion which 
disturbs the velocity distribution. The mechanism of 
formation of the diamond patterns can be shown, how- 
ever, for the simple case (Fig. 5) of a two-dimensional 
nozzle, with parallel supersonic flow at the exit. Where 
the nozzle diverges, the stream pressure would continue 
to fall outside the nozzle, and so there becomes generated 
a shock system which turns the jet into a contracting 
one: if the outside pressure is much greater than the 
stream pressure at the end of the nozzle we may get 
a shock system that has a “Mach disc” at the centre 
(Fig. 1): this, unlike other parts of the flow, has a 
subsonic core of gas streaming behind it. 











In any flow which has sudden compressions (shock 
waves) in it, the temperature and pressure of the gas 
rise rapidly from one side of the waves to the other. 
This accounts for the visibility of the shock system: in 
the Mach disc region, for example, the static temperature 
of the gas emerging from the nozzle of a liquid oxygen/ 
kerosene engine may increase from, say, 1700° K. to 
3400° K., resulting in luminous radiation in and behind 
the shock. The inclined shocks do not cause such 
increases in temperature, since the gas is not slowed 
down so much, but sudden increases of some hundred 
degrees are possible. If the surrounding air did not 
get entrained by the rocket jet, it is probable that the 
shock diamond pattern would persist for a great distance: 
as it is, the entrainment of air reduces the gas velocity 
by momentum exchange, and the rocket jet, even in the 
central core, ultimately becomes subsonic. The stagna- 
tion pressure across the jet falls, and the stagnation 
temperature drops due to admixture of cold air. The 
entrainment of air, particularly where the boundary of 
the supersonic jet expands and contracts, is very difficult 
to calculate, and it is necessary to resort to experiment 
to determine the variation of temperature and pressure 
along that portion of a jet where air has become en- 
trained right into the centre. The most usual reason for 
wanting data on temperatures and pressures in rocket 
jets is the assessment of the damage, mechanical or 
thermal, that is likely to be done to a firing site or to 
parts of a vehicle structure. Since normal construc- 
tional materials are more convenient to use than refrac- 
tories, it is generally mandatory that the jet does not 
touch anything until it has become subsonic and fairly 
cool. Notable exceptions to this rule are the deflector 
buckets used on rocket test stands, but these have to 
be cooled lavishly with sprays of water injected at high 
pressure. 





Fic. 4. Exhaust stream with well-defined ‘‘shock diamonds.” 
Photo: R.P.E., Westcott 





Fic. 5. Two-dimensional exhaust nozzle, with parallel super- 


sonic flow at the exit. 
Photo: R.P.E., Westcott 
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Published data’,* enable us to estimate the lengt 
of the supersonic core of a jet in terms of the diamete, 
of the nozzle exit and the pressure and Mach numbe, 
there. Given also the combustion temperature of th: 
rocket gases, the axial and radial profiles of stagnation 
pressure and temperature can be found. 


Conclusion 


A description has been given of some of the simple 
aspects of the behaviour and performance of rocket 
nozzles and exhaust jets. There are many fields jp 
which information is sadly lacking. Notable amon 
these are the behaviour of boundary layers in axisym. 
metric supersonic flow, with heat transfer and axial 
pressure gradients, and the effects of changes in equili- 
brium of the gases on heat transfer. Although present. 
day nozzles probably achieve well over 95°% of the 
specific impulse that would ideally be given, the increase 
in vehicle performance given by small increases in specific 
impulse is often great. It is unlikely that future develop. 
ments will result in radical improvements in nozzles: 
what is sought is a body of reliable and accurate per- 
formance data for the vehicle designer to use in building 
the best possible rocket craft. Because of the compl 
cated and expensive test equipment needed, it is unlikely 
that this need will be fulfilled for several years. 

The opinions expressed are those of the author and 
do not necessarily reflect the views of the M.o.S. 
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tagnation It is generally recognized that the energy-yield of 
present-day rocket propellents is inadequate for the 
full-scale development of astronautics. Exploitation of 
slar energy has been envisaged—for example, through 
€ simpler} the highly advanced technique of the ion-rocket. A 
of rocket impler idea involves focussing sunlight from a large 
fields in} ¢oncave mirror to heat a reaction-chamber and expel 
© among} propellent through a venturi. The major disadvantage 
| axisym-f of the latter method would be the upper working tem- 
nd axial} perature limit set by the melting point of the chamber 
in equili-} walls. The device outlined below is intended to circum- 
present-} vent this temperature difficulty and to provide a super 
> Of the} exhaust velocity power unit for an “‘orbit-to-orbit” type 
increase} of space vehicle. 









N specific 
develop. PROPELLANT We 7 
nozzles: COOLANT IN COOLANT ouT \\ < 5S 
rate per- ’ t 2 
building 2 A large number of re-entry glider concepts are being studied at 
compli- | 2 NASA’s Langley Research Center, Virginia. Gliders of the type 
“Gq oe __j|.. 4. POSITION OF & seen here would be launched in the form of a “‘tube”’ in the nose 
unlikely r OPTICAL FOCUS +t of a multi-stage rocket. Wings and tail would unfold for control 
: ee when the vehicle returns to the atmosphere. This model is 
hor and /, a being tested in the 7-ft. x 10-ft. Low Speed Wind Tunnel. 
WINDOW ->/ / ~~ = Photo: National Aeronautics and Space Administration 
- 
~ a | 
er Proposed solar rocket motor. Reviews 
958. A conical-shaped metal vessel would be constructed 
1 Edition} y; : : 
be 1956 with the apex of the cone fashioned into the shape of Rocketry and Space Exploration. By Andrew G. Haley. 
for Axi t 2 rocket exhaust venturi. The base of the cone would D. Van Nostrand Company, Inc., 1958. 
Volker} be closed in with glass or some other transparent sub- Andrew Haley needs no introduction to rocketeers and 
stance and rays of sunlight from a large concave mirror astronautical enthusiasts the world over. Indeed, since he 


seems to be the fortunate possessor of seven-league boots, 


of Com-f would be reflected through it, so as to come to a focus s é ) 
it may well be that you have had the pleasure of meeting him. 


1953. : be 
“fficiency . : he apex. The vessel would be filled with a liquid Nevertheless, the biographical note on the jacket of this book 
Unusual} Vhich would constitute the propellent of the system. will probably be a revelation as to the diversity of activities 
At the optical focus the propellent would be heated a man of Mr. Haley’s megaton calibre can pack into a life-. 

and Je} t0 a high temperature, vaporised and expelled through time. 
Rockets and Space Exploration, ergo characteristically 


mbridg:} the venturi. The reaction chamber would be cooled = 
enough, runs the gamut from nature’s jet-propelled squid to 


tik by a separate circulating liquid and a suitable radiator antigravity. But the real meat (and there is plenty of it) 
Jet Pro} stem. The window would not reach a high tempera- comes between. Firstly the beginnings of practical rocketry 

ture because of its transparency and large surface area. are sketched, starting from way back in the fourth century B.c. 
al decayf A large flow of heat through the reaction chamber i -~ ee ee oe ? pm ap a 
into air . of the international story that Haley sets himself out to tell, 

and the cooling sy sean would be arranged, so ties and so could not be omitted. In any case, I found items 
| obtain the highest possible temperature gradient from which if not news to everyone, made interesting news for me. 
 Papes tthe centre to the exterior of the chamber. This process This chapter flits rapidly through the centuries, recounting 


Crzywo-f . 
pulsion, is analogous to the voltage-drop produced by a heavy 


electric current flowing through a resistance. The loss 


briefly the principal advances in rocketry, and dealing finally 
with the first scientific expositions of the problems and 
requirements of space flight, up to the 1920’s. Then follows 


of solar energy entailed would be of secondary impor- a short chapter concisely and lucidly explaining the operation 
lance since this would be “free,” in contrast to the of solid and liquid rockets. This, augmented by passages 
propellent supply, which would have been carried up in subsequent chapters, suffices to make the whole subject 
into orbit at great expense. In any case, the propulsion ee rd er ting a caer aeneiinal 

; gents? . ealing next wi e s, when rocketry began to 
et would be a low thrust device similar to the _ gather momentum, Haley cogently remarks: “‘. . . two things 
rocket, so that weight could be spared for ancillary happened: a popular urge developed to form rocket societies 
‘quipment. and to make and fire rockets “in the back yard”; and one 
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government (Hitler’s Germany) recognized the potential 
military significance of rockets.” 

From that point on Haley embarks upon an account of the 
“back yard” experiments and the Axis war rockets. Ail this 
is brief enough not to bore people who have read most of it 
before, yet enough information for those who have not. The 
chapter on Allied war rockets which follows shows that in the 
limited field of “‘conventional’’ and tactical solid-fuel rockets, 
the American, British and Russian weapons were by no means 
inferior to those of the Axis powers. 

Chapter 6 (The War’s Heritage), Chapter 7 (Post-War 
Rocketry in America), Chapter 8 (Rockets and Missiles 
—an Industry), constitute a Who’s Who, What’s What, and 
Where’s Where of U.S. rocketry, in as detailed a form as is 
likely to be found anywhere under one cover . . . except 
perhaps in the Kremlin. 

Chapter 9, which deals with post-war developments in other 
countries, is unavoidably something of an anticlimax. For 
one thing, author Haley (one-time President of Aerojet) is 
naturally more intimately conversant with U.S. rocketry than 
the rocketry of other countries. Secondly, the rocketry of 
the rest of the world, with of course the notable exception of 
Russia, is indeed comparatively insignificant. Just how 
little is being done is apparent from Haley’s comment that, 
“after the United States and Russia, Britain is the leading 
developer and producer of guided missiles.”” Haley’s book 
went to press before the successful launchings of Black 
Knight, but he does generously give us full marks for our three 
ground-to-air birds, Bloodhound, Thunderbird, and Sea Slug, 
which he describes as “impressive.”” Nevertheless, post-war 
British rocketry is disposed of in four pages, with a similar 
length for French projects. Swiss, Spanish, Italian, Canadian, 
Scandinavian, Netherland, and Japanese rocketry is covered 
in under two pages. 

What then of Soviet rocketry...? Whatindeed!... For 
information on this burning question turn to page 238. Do 
this carefully, because if you overshoot by three pages you 
will have overshot all Russian rocketry!... At any rate, all 
that Haley has been able to glean from available data and 
careful study of Soviet technical papers. Nevertheless, even 
this bare-bones assessment makes awe-inspiring reading, 
culminating (at time of printing) in a rumoured Moon rocket 
“being constructed” with a first stage of 20 clustered motors 
totalling over 5 million Ib. thrust. 

Soviet reticence is of course understandable—more under- 
standable perhaps than American addiction to advance 
publicity. What does however commonly escape appreciation 
is that Russian secrecy is not a product of the present régime. 
... The art had already reached perfection under the 
Czars. 

Chapter 12 ranges in speculation from next steps in astro- 
nautics through plans for nuclear, ion and photon motors 
to interstellar travel, including the possibility of utilizing 
“the vast free energies of space.” Haley views this ultimate 
prospect as the outcome of solving ‘“‘the enigma of gravity,” 
which is now engaging considerable academic and experiment] 
attention. 

Chapter 13 recounts in brief the history of various rocket 
and astronautical societies of 32 countries. Naturally none 
of these histories can be complete, even as a résumé. Haley 
himself acknowledges the difficulty and is forced to content 
himself with generalities. Even so, members of the B.LS., 
for example, should be well satisfied with the glowing and 
obviously sincere credits given to the work of the Society and 
many of its outstandingly famous individuals. 

Two interesting Appendices follow the text. The first of 
these is an English translation of Robert Esnault-Pelterie’s 
essay on rocket engines and space flight. Written in 1912, 
obscurely titled Considerations on the Results of Indefinite 
Decrease in Weight of Engines, and warily claiming to be 
“only a series of thoughts based on mathematical derivations,” 
it nonetheless contains most of the basic principles upon 
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which modern astronautics is founded, and is of course now 
recognized as an astronautical classic. 

Appendix 2 relates to activities of the I.A.F. in co-operation 
with C.C.I.R. and its parent body I.T.U. to determine the 
allocations of bandwidths and frequencies for astronautica| 
radio services. 

Haley is so well known for his indefatigable pioneering 
work in Space Law that the reader may be surprised by 
omission of this important and indeed imperative matter. 
But the subject cannot be treated adequately in a few pages 
and doubtless Haley is right in his intention to devote a whole 
book to the theme. This work—Law of the Space Age—is 
due for publication in the near future. 

In his preface, Haley acknowledges the assistance he had 
from “scores of persons” in writing Rocketry and Space 
Exploration, but shoulders the blame for any inaccuracies 
which it may contain. In a work of such length and ramif- 
cation it would be phenomenal indeed if no errors appeared, 
and I for one am not sufficiently informed to find and list ajj 
that may be inerror. Some typographical errors certainly do 
exist, but I noticed none of any real consequence. Again— 
and I mention this as a correction which should be made in 
any subsequent edition—the caption to the photograph on 
page 218 errs in one detail: the person standing to the left of 
Dr. Shepherd is not Smith but Burgess. 

Otherwise I have no criticisms. On the contrary, I enjoyed 
Rocketry and Space Exploration immensely. It is the kind 
of book one reads for pleasure and keeps as a valuable 
reference work. It is in fact a veritable mine of information. 
And it is written by a man who sees more in rocketry and 
astronautics than just the hardware. . . . With me, that counts 
for much. H. E. Ross. 


Soviet Space Science. By Ari Shternfeld, with a foreword by 
Willy Ley. Translated from the Russian by the US. 
Air Force. Basic Books Inc., New York. 361 pp. 


This book was first published in Moscow in 1956, and in 
the main it is a very complete and rather academic exposition 
of the subject of spaceflight. Some sections have been revised 
and extended since the launching of the first satellites. In- 
evitably these added sections show evidence of hasty prepar- 
ation, and are rather superficial, as has happened so often in 
similar books from western hemisphere authors. 

A number of most interesting comparisons can be made 
with our own authors. Mr. Shternfeld quotes widely from 
the researches of workers in all countries, whereas our 
authors in general never quote from published Russian work. 
The book is not “‘easy reading’’ and much more resembles a 
textbook than a popular exposition. Many will feel this to 
be an advantage, for one also finds the clarity of exposition, 
the orderly development, and the derivation from first 
principles that are characteristic of a good textbook. A 
curious feature for such a book is the complete absence of all 
mathematics. Instead the author relies on a written exposi- 
tion of the physical laws involved backed up by extensive 
numerical tables (no graphs). A\ll this may well be a reflection 
of a different approach to technical education in Russia. 

Serious students of Astronautics will find much to interest 
them in this book, although it must be noted that all the 36 
half-tone illustrations are so badly reproduced as to be almost 


indecipherable. 
C. A. Cross. 


Rocket Encyclopedia Illustrated. Edited by J. W. Herrick 
and E. Burgess. Aero Publishers. 607 pp. 


Prospective purchasers should be warned that this sub- 
stantial volume is much less comprehensive than the title 
suggests. The technical terms used by rocket power plan 
engineers are listed in alphabetical order, and each one 5s 
defined and explained. Complete rocket vehicles appear 
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the illustrations, but are not listed by name, nor will the reader 
find terms such as payload, structure ratio, telemetry, re-entry 
which deal with the flying and testing of complete rockets. 

Within this frame of reference (which is nowhere explicitly 
defined) the book should find its place as a reference work for 
rocket engineers. The nomenclature in this field is notoriously 
chaotic, and acceptance of the editors recommendations will 
do much to clear up the confusion. 

The omission of alphabetic page headings is a constant 
minor irritation to the user who must scan the text when 
looking up a word. The alphabetic arrangement also leads 
to fragmentation and repetition which could have been 
avoided by better cross referencing. (Was it really necessary 
to reproduce the photo of a sectioned WAC Corporal thrust 
chamber six times—Figs. 51, 76, 187, 258, 354, and 404?) 

There are very few technical and printing errors, but the 
following were noted : 

Page 26—The formula for the angle of resultant momentum 
should have a plus sign in the divisor. 

Page 73—-Cavitation is engendered by a reduction rather than 
an increase in suction pressure. 

The fuel feed systems shown in Figs. 15 and 55 would not 
operate in the manner described. 

C. A. Cross 


Spaceport U.S.A. By Martin Caidin. E. P. Dutton & Co., 
Inc. (New York). 380pp. $4.95. 1959. 

This book is factual, not fictional. The facts are about the 
U.S. Air Force Missile Test Centre (A.F.M.T.C. for short), 
the heart of which is Cape Canaveral. The book is packed 
from cover to cover with facts about the history, the geography 
the organization and the statistics of A.F.M.T.C. To tell 
the truth, this reviewer suffered from mental indigestion 
from too many facts. 

A.F.M.T.C. is an enormous organization and an enormous 
number of facts have to be given in order to do it justice. 
Now, it is always a very difficult job to put over a large 
number of facts in a painless or even entertaining way. A 
lesser writer than Martin Caidin would have made a very dull 
book indeed out of the A.F.M.T.C. story. Even the fluent 
pen of Martin Caidin falters sometimes under the heavy load 
of facts and figures. I believe the book would have benefited 
if some of the more indigestible details had been relegated to 
Appendices, leaving the broader picture uncluttered. 

Having made this main criticism, I have nothing but praise 
for the way in which Martin Caidin puts the magic touch of 
drama to this contemporary history book. After an opening 
chapter describing the general layout of Cape Canaveral and 
its environs, the author traces the progress of an Atlas 
L.C.B.M. from its factory in San Diego, California, across the 
United States to Cape Canaveral, through its check-out 
procedures and to its flight test firing. This is Caidin at his 
best. The imaginary missile is an old friend as it finally 
thunders into the Florida air, and has acted as a unifying 
thread for some 35 pages. 

Then Caidin gets down to the business of detailing the 
history and geography of A.F.M.T.C. This takes up the 
major part of the book and contains all the hard facts already 
teferred to. A large organization is an impersonal entity and 
the element of impersonality permeates this section. Caidin 
does his best to entertain as well as instruct by putting in the 
dccasional personal touch, but on the whole, these pages 
fail to “‘live.”” 

The book seems to come alive again when Caidin starts on 
personalities and politics. For example, the author obviously 
has a special interest in the press set-up at Canaveral and he 
makes interesting reading out of the inevitable conflict between 
news coverage and national security. 

In the last chapter, the Caidin magic is at its best once more. 
For some 22 pages, the reader lives and breathes with Caidin 
on Cape Canaveral during the preparation and launching of 
the first U.S. lunar probe. Perhaps the launching of one big 
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rocket is much the same as that of any other, but all the 
implications behind the Thor-Able rocket No. 127 are vividly 
described here. Perhaps the average British reader will 
feel slightly nauseated at the portrayal of hard-headed engin- 
eers with stars in their eyes. But, if so, he would be very 
wrong. For Martin Caidin has lived in, captured and put into 
words something of the atmosphere, the excitement of space 
exploration, and the average British reader has not yet had the 
opportunity of having a share in this great adventure. 

The book is excellently illustrated throughout, and includes 
some beautiful photographs by Rogers of the U.S.A.F. 
Those on pages 134, 305 and 358 are especially worthy of 
mention. They show once again that the world of machine 
can have a unique beauty of its own. 

D. J. CASHMORE. 


ASTRONAUTICS IN WARSAW 


In Warsaw last summer, a Polish-Russian Astronautical Exhibi- 
tion was held with the theme, ‘“‘From Copernicus to the Artificial 
Planet.””> The photographs reproduced below were sent to us by 
the Polish Astronautical Society. 





A section of the exhibition devoted to the work of Ziolkovskii, 
including manuscripts and drawings. 
Photo: J. Tarnawska, Polish Astronautical Society 





Full-scale reconstructions of (right to left), Sputnik II and 
Sputnik III. Small model, centre foreground, to same scale, 
shows the dog-compartment of Sputnik II with a toy bear 
deputizing for the ill-fated Laika. 


Photo: J. Tarnawska, Polish Astronautical Society 








Satellite Close-up 


By C. A. CROSS, M.A., F.R.A.S. 


From the ground an artificial satellite appears as a 
moving star, and even in a large telescope it would be 
no more than a diffraction disc, too small for any 
structural detail to be resolved. But suppose we could 
get up there and observe it from close to—how would 
it look? This note gives an answer to this intriguing 
question, and incidentally shows that the “‘Artists’ 
impressions” we have all seen are wildly inaccurate. 

For simplicity we will restrict our considerations to 
Sputnik 1, or 1957 «2. This was essentially a highly 
polished metal sphere with four antenne rods, shown 
folded to fit into the rocket nose in the press photos, 
but opening out on hinges to form dipole aerials when 
in free space. 

A polished sphere has the interesting property of 
showing within its surface a reflection of all visible 


Fics. | (a), (6), (c), right, a polished sphere 
seen from different attitudes in the vicinity 
of a plane surface of infinite extent, marked 
with a rectilinear grid. 


Fic. 2, below, artist’s impression of Sputnik 
I as it might have appeared over Liverpool. 


Fic. 1(a) 
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external objects. Fig. 1 shows such a sphere in the 
vicinity of an infinite plane surface marked out in, 
rectilinear grid. In 1 (a) the observer is between th 
sphere and the surface, in 1 (5) he looks straight dow 
on the sphere with the surface underneath it, and in 1 (¢) 
the observer is on the same level as the sphere. . 

We are now in a position to work out the actual 
appearance of the satellite. This is shown in Fig. 2 4 
it passes over Liverpool at 7a.m. It is seen from 


distance of 10ft. to the North and slightly below 
The Earth, Sun, and the Moon are all reflected in the 
satellite, and the Moon itself is visible in the picture, 
The sea appears darker than the land, and a mirror 
image of the Mersey Estuary can be made out reflected 
in the satellite. 

The satellite would be visible from parts of the Lake 


x 





Fic. I(c) 


Fic. 1(b) 


District, and from out in the Irish Sea where the sun has 
not yet risen. 

It is an interesting point that a visible satellite woulé 
always show a reflection containing the terminator, 4 
this one does, for if the Earth’s reflection were com- 
pletely dark, then the satellite would be eclipsed, whils 
for a completely illuminated reflection there would & 
no region from which the satellite could be seen agains! 
a dark or twilight sky. 

Although the geometrical optics involved in cot- 
structing these pictures is far from simple, they ma) 
readily be checked by observing the appearance of # 
large ball bearing, or a small silver Christmas tree ball 
This may be held near to a square patterned lino t 
reproduce Fig. 1, and over an ordnance survey map 
obtain Fig. 2. In all these real cases the observer will 
see his own face in the centre of the reflection, and the 
purist might object that to be completely accurate Fig. ? 
should show a reflection in the middle of the sphere 0 
the space-ship from which the “‘photo”’ was taken. 
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Events of the last two years have unquestionably 
enhanced the status of astronautics as a science and it 
would now seem a reasonable assumption that manned 
paceflight, first to the moon, and then to the nearer 
planets, Mars and Venus, will take place within the 
next few decades. At this juncture, some years of 
consolidation may well be considered desirable before 
man takes his next cosmic step forward in the form of 
expeditions around the giant planets Jupiter and Saturn 
or landings on some of the major satellites of these 
worlds. It would seem logical, therefore, to assume 
that in the fulness of time, an attempt will be made to 
rach that Ultima Thule of the Solar System—the remote 
and lonely little world known to us as the planet Pluto. 
Just how much do we, the parents and grandparents 
of the men (and perhaps women!) who will one day make 
this journey, know of this dark and frigid world? The 
answer as yet is—very little! 

The planet was first located in January, 1930, the 
discovery being announced in March of that year. 
Just as irregularities in the motions of Uranus led to the 
earch for and discovery of Neptune, so also was it that 
comparable effects in the case of the latter planet gave 
ise to the belief that, beyond the orbit of the mighty 
Neptune, there lay yet another world. Calculations 
based on these irregularities were made early in the 
present century by Pickering and Lowell and a fairly 
detailed search was put in hand. In this instance, how- 
ever, success was longer in coming, and the scientific 
world was not treated to a repetition of the classic 
mathematical triumph of Adams and Leverrier who had 
both brilliantly predicted the approximate position of 
the then unknown Neptune. Eventually, however, it 
was tracked down by Clyde Tombaugh at the Lowell 
Observatory in Arizona. At that time it lay in the 
constellation Gemini, not far from the 4th magnitude 
star, Delta Geminorum. 

Its discovery, however, has raised certain interesting 
points—points which have rendered Pluto something 
ofan enigma among the worlds of our Solar family. 
To account for the irregularities in the motions of 


Density Diameter 
Planet (water = 1) (miles) 
Earth 5:52 7900 
Jupiter 1-34 86,700 
Saturn 0-71 71,500 
Uranus 1-27 32,000 
Neptune 1-58 31,000 
Pluto .. 5:3? 7700? 


(may be smaller) 
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Ultimate Obj ective? 


By JOHN W. MACVEY, F.R.A.S. 


Neptune it is necessary to postulate the existence of a 
large low density planet rather similar in these respects 
to Uranus and Neptune. But Pluto appears to be solid 
and quite small—of dimensions roughly comparable 
with our own Earth and certainly quite different from 
the four outer planets as the table shows. 

That such a relatively small body could be responsible 
for the observed discrepancies in the motions of Uranus 
and Neptune is highly improbable to say the least, yet 
it was due to these very effects that the planet was 
eventually tracked down! Furthermore its orbit is odd, 
inasmuch that at perihelion it is closer to the sun than is 
Neptune. In other words there comes a time in its 
every revolution round the sun when Pluto lies for a 
period within the orbit of that planet. These have proved 
difficult facts to explain satisfactorily. It has been 
suggested that Pluto was not originally a planet in its 
own right but was in fact at one time a satellite of Neptune 
which somehow escaped from parental control to pursue 
its own existance in an independent orbit. It is even 
considered feasible that the real extra-Neptunian planet 
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MAN in 
SPACE 


Principles and Practice 
of Space-Flight as 
developed by _ the 
United States Air Force 


Edited by 
Lt.-Col. Kenneth F. Gantz, U.S.A.F. 


Here for the first time is a full aud detailed survey 
of the United States Air Force Programme that 
has had top priority ever since the Russians 
launched Sputnik I. It is an essential handbook 
for all who want to know just what faces the 
selected volunteers now undergoing training, one 
of whom may well be, in the very near future, the 
first man in space. 
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is yet to be found and that Pluto is merely an unexpected 
and coincidental addition to the known Solar System. 
Both these ideas seem reasonable enough. It has even 

been suggested that Pluto is really an interloper from FOR THE BEST 
interstellar space—a cosmic orphan, which, venturing 


too close to that star we call the Sun, has become an IN TR AVEL BY 


adopted member of the Solar family. This is certainly 


an interesting and rather fascinating theory, but one SE A L AND AND AIR 
9 


which at the same time seems substantially less 
plausible. 

Pluto must indeed be a cold, dark and inhospitable CONSULT 
place. Any idea of life on its surface would appear to : 
be completely outside the bounds of possibility. It = = Northern Transport: 
seems safe to envisage a dark, frigid and utterly barren ZL SW Agency (London) Ltd. 
world lying eternally dormant under a sky of perpetual ‘ 
night. In this sky the Sun shines only as a very bright 47/48, Duke St., 
star but so far distant (2766 million miles at perihelion) London, S.W.1. 
as to be without any perceptible disc. Any atmosphere 
the planet possessed would lie frozen on its barren rocks BOX TD/SF 
os duaente. Telephone WHI. 43469 

Astronautically of course this world is interesting for AIR TRAVEL 
a variety of reasons, not the least being that, so far as we 
know at present, it represents the last outpost of the AIR FREIGHT 
Solar System. Those first astronauts who reach it will AIR CHARTERS 
be standing on a shore washed by the dark waters of the — 
mighty interstellar ocean. Beyond lie only the stars! SHIPPING & RAIL ETC, 
In future decades the planet might well serve as a base 
for short exploratory probes into the interstellar void. 
And in an even more remote future, should interstellar 
travel ever become a feasible proposition, Pluto could 
well represent the last safe haven for space transports 

















about to cross that awful abyss which separates our ea 
system from the stars. S$ tran ge W orld 


Looking outward from Pluto the future astronaut 


might well ponder over the words of an early visionary— 
the late H. G. Wells: “Beyond there is space, vacant so O € oon 


far as human observation has penetrated, without warmth 

or light or sound, blank emptiness for twenty million V. A. FIRSOFF. ‘A thorough piece of work” 

times a million miles. That is the smallest estimate of - FB aan nape pees esescs 

the distance to be traversed before the very nearest of the present-day opinions’. —Times Lit. Supp. 

stars is attained.” ‘Should stimulate controversy’. —Scotsman. 
Illustrated 25s. 


The first weekly Space survey... ae —— ace 


spaceflight section, FLIGHT is first choice for all 

who look for up-to-the-minute, superbly ARI SHTERNFELD. Translated by the 

illustrated news coverage of astronautics—and United States Air Force, this book is one of the 

missile—progress the world over. Read it, every week. best surveys of astronautics yet published in any 
language. It gives a full and detailed account 


of Soviet work on space-flight, including the 
e-enr eee — inside story of the first artificial satellites. 
of the world’s 
aviation journals Illustrated 30s. 
AIRCRAFT - SPACECRAFT - MISSILES . 
From all newsagents: Every Friday Is. 6d. 
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